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(54) Method of spotting probe on solid support, probe array and method of manufacturing 

thereof, and method of detecting target substance and method of identifying structure of 
target substance using probe array 



(57) Provided is a method of spotting a probe dense- 
ly and efficiently on a surface of a solid support. A liquid 



containing a probe is attached to a solid support as drop- 
lets to form spots containing the probe on the solid sup- 
port by an ink jet method. 
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Description 

Background of the Invention 
5 Field of the Invention 

Related Background Art 

2 if C T SpeClfical ^ t0 a Iar 9* ™cWc acidic Std Ibes ^ - ^ Wh6re ° ne ° r more su ^tances 
of sites. As a general method of manufacturing s^^Zl ^ZZ^ T f S °' id SUpp0rt at a ,arae 

acid probe is synthesized dJJ^.'SKS? SZ^SSE ""f* - * ^ »» 
on a sow support. The accuracy in determining the ^Ts£uen J "T 7 V 9 ^ nUdeic acid synthesized 
nucle.c ac.d ,n a samp.e using a probe array largely depends on ^^ rn T ^ ^ " the detection of a target 
acd probe. For the method (1), therefore, furthenmproZentTn acZ ?** °' base S6qUence of the "uelc 
to manufacture a probe array of higher quality In thT me^od S JT f * ° nUC ' e ' C aCid Pr ° be iS re 9 uired j " order 
poor to the fixation of the nucleic acid probe on a^^^T^^^ a "« acid probe is required 

* S ° 3 solid *Wt For this reason. prnJ^XZ^^Z? "*! P 'T Ca " PU rified before b - d -9 
method (1 ) as a method of manufacturing a probe array of hioh ouli m cons,dere d to be more preferable than the 
method of spotting a nucleic acid probe dense.y Tal^Zf^ *" m6th ° d <*> has a P«*tom in the 

term.ne the base sequence of a nucleic acid it is P ° e f erabt tc aZ ^ 3 probe arra V is to de- 

on a solid support. When mutations in a qJw^STT^*"^^^"^ 
probes of sequences corresponding to the respectl ^mutaSns 2 * ' S Pr8ferable '° arran 9 e ™ c '^ acid 

acd ,n a sample or to gene mutations and delefon are * ecte n, h ^ addili ° n ' Wher1 a ta ^t nuc.eic 
from a subject, specifically a blood sample, is as ^lToSl rl ^ ' he am ° Unt of the ^ple taken 
poss lb ,e on the base sequence is obtained usin E^^^JlE. ? "f^* that 38 much ,nformati - « 
that, for examp,e, 1 0,000 or more nucleic acid probe sp^'™ ST^p^ ~ 
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SUMMARY OF THE INVENTION 
[0004] 



50 



55 



[0008] ll».f U .toa^„ 0l)(M J™^ a 1 ^*.^ M ^ < ^9«»*.p«*ei * 
«.nc. M may b. cooaned h . aanap,* P "' mm "°" '° provid <> » ™""* « **n,ly d.lacl.ng . la.ge, aub- 

(0010] Acceding » on. aapac, or ,ho p,a.,„ incS„ 52! „, ^ ™" " S ™" amOU " , " » m P'= 

».nd specifically to a „,go, ,o , «* S,™"^ ■ 8 =1 .polling a probe «o„ can 

on , aapac. ol a .olid capped by ,„ „ k ,., ma.ho^^I!"^"' ' "* • "d"id coo,.i„i„g . p , ob o 
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a density of 10,000 spots per square inch or higher. This probe array has spots in a remarkably high density so that 
much information can be obtained even from a small amount of sample. 

[0012] According to further aspect of the present invention, provided is a method of manufacturing a probe array 
having a plurality of spots arranged independently in a plurality of sites on a surface of a solid support, the spots 
containing a probe which can bind specifically to a target substance comprising 

a step of supplying a liquid containing the probe and attaching the liquid to a predetermined site on the surface 
of the solid support by means of an ink jet method. According to this embodiment, a probe array comprising spots 
arranged in a high density can be efficiently manufactured without damaging the probe. 

[001 3] According to further aspect of the present invention, provided is a method of detecting a target substance by 
contacting a sample with each spot of a probe array having a probe that can bind specifically to a target substance 
that may be contained in a sample as a plurality of independent spots on a solid support to detect a reaction product 
of the target substance and the probe on the solid support to detect the presence/absence of the target substance in 
the sample wherein the respective spots are formed by spotting a liquid containing the probe on the solid support by 
the ink jet method. According to this embodiment, a target substance can be detected efficiently. 
[001 4] According to further aspect of the present invention, provided is a method of identifying a structure of a target 
substance contained in a sample comprising: 



a step of preparing a probe array provided with spots of a probe, which can bind specifically to a specific substance, 
on a surface of a solid support; 
20 a step of contacting the sample to the spots; and 

a step of detecting binding between the target substance and the probe. 

[0015] USP No. 5601980 states that it is inappropriate to use a conventional ink jet method in spotting of a nucleic 
acid probe. I n lines 31 -52 in the second column of USP No. 5601 980, it is said that the use of the ink jet printer technique 
in which a small amount of ink is ejected by pressure wave is inappropriate, because the pressure wave for ejecting 
ink may lead to a drastic rise in the ink temperature and damage the nucleic acid probe and scattering of the ink upon 
ejection may lead to contamination of adjacent probe spots. Considering this, USP No. 5601980 discloses a method 
of manufacturing a probe array in which a drop of a liquid containing a nucleic acid probe is formed on a tip of a 
micropipet utilizing gas pressure, while monitoring the size of the drop, application of pressure is terminated when the 
30 drop becomes the predetermined size, and the drop is applied on a solid support. 

[0016] USP No. 5474796 discloses manufacturing of oligonucleotide array by forming a matrix of hydrophobic and 
hydrophilic parts on a solid support surface and ejecting four nucleotides sequentially to the hydrophilic part by means 
of a piezoelectric impulse jet pump apparatus and a method of determination of the base sequence of a target nucleic 
acid using the oligonucleotide array. However, these prior arts do not disclose a method in which nucleic acid probes 
55 each having a base sequence of a predetermined length is ejected in advance using an ink jet technique to arrange 
the nucleic acid probes accurately and densely. 

BRIEF DESCRIPTION OF THE DRAWINGS 
40 [001 7] 

FIG. 1 is a schematic view illustrating a method of manufacturing a probe array using a bubble jet head; 
FIG. 2 is a cross sectional view taken along the line 2-2 of the bubble jet head of FIG. 1 ; 

FIG. 3 shows a graph comparing a theoretical amount and an actual recovery of a nucleic acid probe spotted on 
45 an aluminum plate by the bubble jet method in Example 3; 

FIG. 4 shows a graph comparing a theoretical amount and an actual recovery of a nucleic acid probe spotted on 
an aluminum plate by the bubble jet method in Example 4; 

FIG. 5A is a schematic plan view of one embodiment of a probe array of the present invention, and FIG. 5B is a 
cross sectional view taken along the line 5B-5B in FIG. 5A; and 
50 FIG. 6 is to explain a spotting method in Example 8. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(Outline of Method of Manufacturing Probe Array) 



[0018] FIGS. 1 and 2 are schematic diagrams illustrating a method of manufacturing a probe array, for example, a 
nucleic acid probe array, according to one embodiment of the present invention. In FIG. 1, there are shown a liquid 
supply system (nozzle) 101 which ejectably retains a liquid containing a probe, for example, a nucleic acid probe, as 
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liquid and thus ejec, the liquid 10 ^denotes a SSc^T"*? ^ ■ meCh3niSm '° * Pply hea * en °™ *> »• 
1 05. FIG. 2 is a cross sectional view S^SSSSSS!L T^TS"** ejeC,ed ,f ° m the bubt >'* * head 
2, there are shown the bubb,e jet head 1 05 a liquTd 107 SSiSn 1 if 1 "*' 6 * head 105 °' RG ' 1 ,n FIG 
part 1 1 7 with a heating member app^g e^Z^a^T^ Trl™ T ^ '° b6 ejeC,ed ' and a subs ^'e 
film 1 09 made of silicone oxide etc erodes Tt 1 ? d ¥J2?J? ^ 11 ? C ° mprises a ^eciWe 

113 made of nichrome etc., a heat accumulator VaveM 1 IndThl °^lum.num etc.. an exothermic resistance layer 
heat radiating properties. A liquid 107 conSng 7nL eJ acid orobe ,1 ' I' 6 ma * * a ' Umina 6tC < with 9°° d 
119 and forms a meniscus 121 by the predeSfne foZ^Z C , " P '° an 6,eCti0n ° rifice ( e j ection 
111-2 are supplied, a region shown bv 1 23 m fhw nf pres f re \^ en eleclr| c ^als from the electrodes 11 1 -1 and 
1 07 contacting the regional The menlcus eS 9MeS hMt 3nd 3 bubble * the liquid 

to fly toward the surface of a solid su3 rt T 03 TSS^ZTTJ* ** *** * ejeC,ed ,r0m lhe orifice "9 
such a structure depends on t^^Tthe n^TT it k ^ am ° Unt ° f ,he UqUid USin 9 a bubble * head of 
useful as means to arrange nu^^^S^^S " '° ^ ^ PiC °' i,erS ^ iS w * 

(Relation between Ejected Liquid and Solid Support) 
(Diameter of Spots on Solid Support) 

(Properties of Ejection Liquid) 

- can be ejected from a bubb.e jet head, 

nucleic acid probe when i, is mixed with nu^^Z'™™* the U ^ does *™*> «he 

-hlv^^ 

is 30-50 dyn/cm, the position of a"SStr^ r ' When viscosity is 1-5cps and surface tension 
[0022] Then considering ink jet ejection properties £ ^ S a^ET*. T ^ " " eSPeCia " y SUi,able 
at ejection by a bubble jet, it is prilerablJ i o conTair^ , a u^T a * stability of a nucleic acid probe in the liquid and, 
concentration of 0.05-500 pM, espedaNy 2-50 M M P 5, °°° eSpeCia " y 2 ' 60 mer in a 

(Composition of Liquid) 

n^slta^ J^TJ^ a bubb,e ' a « " ^ ^ *- - *~ 

bubb!e jet head as described abole anfa faufd comoTmo ' Pr ° be °' When « is e i ected f ™ *• 

jet head satisfies preferabie c^ns HowSer^ ^S^ZSSXT * * ^ ^ ^ ^ 
lycol. isopropy, alcohol, and an acety.ene alcoho, S by S SCS"' ,hi ° di9 ' yC °' " e,hy,ene9 " 
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wherein Ri, R2, R3and R4 represent alkyl groups, specifically straight or branched alkyl groups containing 1 -4 carbons, 
m and n represent integers, and m=0 and n=0 or 1<m+n<30, and when m+n=1, m or n is zero. 

20 [0024] More specifically, a liquid comprising 5-10 wt% of urea, 5-10 wt% of glycerin, 5-10 wl% of thiodiglycol and 
0.02-5 wt%, more preferably 0.5-1 wt% of an acetylene alcohol shown by the above formula (I) is preferably used. 
[0025] When this liquid is used, spots obtained by ejecting the liquid containing a nucleic acid probe from a bubble 
jet head and attached on a solid support are round, and an area where the ejected liquid is attached is restricted. Thus, 
even when a nucleic acid probe is spotted densely, connection of the adjacent spots can be effectively prevented. No 

25 degradation of the nucleic acid probe spotted on a solid support is observed. However, the properties of the liquid used 
in manufacturing a nucleic acid probe array according to the present invention are not restricted to those mentioned 
above. For example, when structures like wells are provided on a solid support surface to prevent spreading of the 
liquid applied on the solid support by a bubble jet head and mixing with adjacent spots, a liquid of a viscosity and 
surface tension out of the above range, and a nucleic acid probe of a base length and concentration out of the above 

30 range can be used. 

(Kinds of Functional Groups of Solid Support and Nucleic Acids) 

[0026] A method to securely bind the nucleic acid probe to the solid support, as well as to effectively retain the applied 
35 spot of a nucleic acid probe at a more defined position on the solid support to prevent cross contamination between 
adjacent spots, one can endow the probe and the solid support with functional groups which can react each other. 

(SH Group and Maleimido Group) 

40 [0027] The combination use of the maleimido group and the thiol (-SH) group can be mentioned as a preferable 
example. That is, by binding a thiol (-SH) group to the terminus of a nucleic acid probe and treating the solid support 
surface to have a maleimido group, the thiol group in a nucleic acid probe when supplied to the surface of the solid 
support reacts with the maleimido group of the solid support to immobilize the nucleic acid probe on the support, forming 
probe spots on the predetermined positions on the solid support. Especially, when such a nucleic acid probe containing 
a thiol group at the terminus is dissolved in a liquid of the above-mentioned composition, and applied on a solid support 
surface having maleimido groups by means of a bubble jet head, the nucleic acid probe solution can form a very small 
spot on the solid support. As a result, small spots of a nucleic acid probe can be formed on the predetermined positions 
of the surface of the solid support. In this case, it is not necessary to provide a construction such as wells comprised 
of partly hydrophilic and hydrophobic matrix on the surface of the solid support to prevent connection between spots. 
[0028] For example, when a liquid containing a nucleic acid probe of 18 mer nucleotides at a concentration of 8 u,M 
and controlled to have the viscosity and surface tension within the above ranges was ejected from a nozzle (an amount 
of ejection about 24 picoliters) using a bubble jet printer (Product name: BJC620; Canon Inc., modified to print on a 
flat plane) with a space between the solid support and the nozzle tip of the bubble jet head set about 1 .2-1 .5 mm, spots 
of a diameter about 70-100 jam could be formed and no spots due to scattering when the ejected liquid hit the surface 
of the solid support (referred to as satellite spois hereinafter) were observed. Reaction between maleimido groups on 
the solid support and SH groups at the terminus of the nucleic acid probes is completed in about 30 minutes at room 
temperature (25°C) I although depending on the conditions of an ejected liquid. The time required is shorter than that 
required when a piezoelectric jet head is used to eject a liquid. Although the reason is not known, it is considered that 
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^•^lE^ -ous methods can be employed. For 

of the solid support by an introduction of aSno gro ZoTe sSat'e a ^ ,T 66 ' nC ° rp ° rated ° nto • 
group and a reagent containing N-(6^WmwLp^?u^^^; W ^ reaClion be,wee " the amino 
group introduction onto the surface can be conducted by reacUnaZ^ , D ° ,m C ° ' Ltd >' The am ™ 

strate. uc,ea b V re act.ng an am.nos.lane coupling agent with the glass sub- 

(Structural Formula of EMCS) 
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(Amino Group and Epoxy Group) 

E2L the above-mentioned combination of the thiol group 

ss-nuc,eic aerobe .ofT^^i^^^r ',*? SUrfaCe ^ 3 - a 

s-nce the nucleic acid probe always binds to the solk support af hs 2Z* * ^ & ° M SUpp0rt ' ln addif ^ 

each spot become homogeneous. As a result hwSESSK. It ' the s,a,es of th e nucleic acid probe in 
occurs in uniform conditions, thus the iS^S^STJSST"^ "* Pr ° beS 3nd tar 9 et nucle ' c *"* 

further improved accuracy can be realize T^en nXVaoTo^T ,he f iden,ification °< a »»» sequence with 
covalently bound to a solid support, a probe array can be nr^.S TP 9 * gr ° Up on each te ™™s are 

bound probe DNA due to difference in seauen- ' 7" IT^S Wi,hoUt dif,e ' e ^ in the amount of 
by non-covalent bond (for examp.e, electrostatic^ e" ',n adSn 2 T't Pf ° beS ,iX6d ° n a solid SU PP°1 
izat.on reaction, efficiency of hybridization can ^ LI L ' P3r1s 0f the nucleic acid Participate in hybrid- 

1 -7 carbons or ethylene gUSSSS ~ £ Z^X^Z^l ^ * *** M 33 ^ 
target nucleic acid and the functional group for b*d no w a sol . ^ P °' U ° n Wh * Ch h y brid * es a 

to a solid support, a predetermined space can b provided be^ln T ^ 3 nUC ' eiC acid P robe is b ° u " d 

acd probe so that efficacy of rB^b^^^^*^^ S f ace of ,he ^U6 support and the nucleic 
improved further. 9 nUCle,C acid P robe and a <arget nucleic acid can be expected to be 

(Manufacturing Method of Probe) 



ps««ww- io . <EP 



EP 0 895 082 A2 



15 



20 



prepared. A ss nucleic acid probe of a length of, for example, about 2-5,000 mer, especially, about 2-60 mer, having 
a thiol group at the terminus is synthesized using an automatic DNA synthesizer. Nest, the nucleic acid probe is mixed 
in the above liquid at a concentration in a range of 0.05-500 uM especially 2-50 uM, to produce a liquid to be ejected 
having a viscosity of 1 -15 cps, especially 1-5 cps, and surface tension of 30 dyn/cm or higher, especially 30-50 dyn/ 
5 cm. Then, this ejection liquid is filled in a nozzle of a bubble jet head, for example. Maleimido groups are introduced 
on a solid support surface according to the above method. The solid support is placed so that a distance between the 
surface of the solid support having maleimido groups and the nozzle tip of the bubble jet head becomes as close as 
about 1.2-1.5 mm, and the bubble jet head is driven to eject the liquid. Here, as the ejection conditions, it is desirable 
to set printing pattern so as not to allow the connection between the spots on a solid support each other. When a bubble 
10 jet head of which resolution is 360 X 720 dpi is used for spotting, preferable conditions are that one liquid ejection is 
followed by twice idle ejections in the 360 dpi direction and one liquid ejection is followed by 5 times idle ejections in 
the 720 dpi direction. These conditions can provide a space of about 100 urn between spots and sufficiently prevent 
contamination between adjacent spots. Then, the solid support is stood, for example, in a humid chamber, until a 
reaction between the maleimido groups on a solid support and the thiol groups of nucleic acid probes in a liquid proceeds 
and the nucleic acid probes are securely fixed on the solid support. It is sufficient to leave it at room temperature (about 
25°C) for about 30 minutes as described above. Then, the nucleic acid probes not reacted on the solid support are 
washed away to obtain a nucleic acid probe array. 

[0036] Now, in order to improve detection accuracy (S/N ratio) in, for example, detection of a target nucleic acid using 
this nucleic acid probe array, it is preferable to block the solid support surface after the nucleic acid probes were fixed 
to the support to prevent the surface areas not binding the nucleic acid probes from reacting with a target nucleic acid, 
etc., contained in a sample. Blocking can be performed by, for example, immersing the solid support in a 2% aqueous 
bovine serum albumin solution for two hours or decomposing maleimido groups not bound to the nucleic acid probes 
on the surface of the solid support. For example, DTT (dithiothreitol), |3-mercaptoethanol, etc. can be used. However, 
in terms of an effect of preventing adsorption of target DNA, an aqueous solution of bovine serum albumin is the most 
suitable. This step of blocking may be performed, as required. For example, this blocking step can be omitted, when 
a sample can be supplied restrictively to the respective spots of the probe array and any sample would not attach 
substantially to the parts other than the probe spots. The blocking step can be omitted, also when wells have been 
formed on the solid support beforehand, and parts other than wells are processed to inhibit attachment of nucleic acid 
probes. 

30 [0037] The probe arrays manufactured by such a method may have a plurality of spots containing the same nucleic 
acid probe or a plurality of spots each containing a different nucleic acid probe, depending on applications. The probe 
array in which the nucleic acid probes are arranged at a high density prepared a mentioned above, can then be used 
for the detection of a target ss nucleic acid and the identification of a base sequence. For example, when a target ss 
nucleic acid of a known base sequence which may be present in a test sample is detected, a ss nucleic acid having a 
base sequence complementary to that of the target nucleic acid is used as the probe, and the probe array in which a 
plurality of spots containing the probe are arranged on a solid support is prepared. Each sample is supplied to each 
spot of the probe array, and the probe array is left standing under conditions allowing hybridization between the target 
nucleic acid and the probe, then the presence/absence of hybrid in each spot is detected by a known method such as 
fluorescent detection. This enables detection of the presence/absence of the target substance in a sample. When a 
to probe array is used to identify a base sequence of a target ss nucleic acid contained in a sample, a plurality of ss 
nucleic acids having base sequences complementary to the presumed sequences of the target nucleic acid are spotted 
as probes on the solid support. Then, aliquots of the sample are supplied to the respective spots and incubated under' 
conditions allowing hybridization of the target nucleic acid and the probe, and then the presence/absence of hybridi- 
zation at each spot is detected by a known method such as the fluorescence method. This enables identification of a 
base sequence of a target ss nucleic acid. As other applications of the probe array according to the present invention, 
for example, application to screening of specific base sequences recognized by DNA binding protein and chemical 
substances having a property to bind to DNA can be considered. 
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(Kinds of Ink Jet Head) 



[0038] Although a constitution in which a nucleic acid probe is applied to a solid support by means of a bubble jet 
head is solely illustrated above, a piezoelectric jet head ejecting a liquid in a nozzle by vibration pressure of piezoelectric 
elements can also be used in the present invention. However, a bubble jet head is suitably used in the present invention, 
since a binding reaction to a solid support is completed in a short period of time and secondary structure of DNA is 
unfolded by heat so that efficiency of the subsequent hybridization reaction can be increased, as described above. 
[0039] In addition, an ink jet system having a plurality of heads can be used to form a plurality of spots simultaneously 
on a solid support so that two or more spots may contain different nucleic acid probes. (PNA/DNA) 
[0040] The present invention has been illustrated using a nucleic acid probe as an example of probes. Nucleic acid 
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wLfa^ thymine, and cytosine) contained in DNA, and p 

Phase synthesis and Fmoctype so.id ^^S^^S^ * T*"* knwm 88 tBOC ''VPe solid" 
proteases as compared to natural oligonucleotides of DNA anri rwT„ Z, ' '° 6nZymeS Such as nucleases and 
(n the serum. Due to the absence of the suaan n££ ^ t . ' hardly °' n0t deaved e ^ymatically, and stable 
of a buffo, Therefore, it is not required to con^ a sa 2S22STS' T ^ ^ by ^ 
nucleic acid. In addition, due to the absence of elect™.? ? ' ' When PNAs are reacted ^ a target ss 
acid is considered to be more heat-stable toZZXZZZ^A^!*?™ PNA and a ' a ^et ss nucleic 
an RMA probe and a target ss nucleic acid. From IZ^^^S^ ' tar96t SS nUC ' eic 3Cid and be,we *" 
detection of a target nucleic acid and the determination of a b« ZJ' ' 6XPeCted 38 probes used for the 

acid probe array according to the present inveTo T^TZ ZT^ J. ° f manufactu ™9 a nucleic 

and can easily manufacture a PNA probe array in J^ich PNA orobes J Z I '* ^ 88 8 nUcleic acid P robe 

c.f.cally, f or example, to increase the density of a ™S a^rav bv denSe ' y 8 " d Very accurate V- Spe- 

solid support, as in the case of DNA probes and RNA -Iroh ? T 9 8 NA Pf ° be °° restricted P° sitio ^ on a 
other intotheterm.nus of a PNA probe and aso^ which can react each 

of reactive groups is, as mentioned above, a combKon a a thfo ^Tl'T**™* * Pre,erred com bina.ion 
group (a solid support surface). A thiol group can be"n oduceri JtV P 1 teTmnUS ° f PNA) and a ™leimido 
cysteine (CH(NH 2 )(COOH)CH 2 SH) group etc contLinTno a ,Sin T T °' ™ A b * f ° r eX8m P le ' introducing a 
.erminu S o f DNA)ofaPNA P robVA C 9 ys.ei P neg^ (corresponding to , hei 

reacting the amino group of the N-terminus of a PN^A probe an dtherah ,he , N - ,erm,nus °' a PNA P'obe by, for example, 
linker such as those containing an amino group an caS Irol "^1^™- Further ' ^ing a suitable 
ammo group a. N-terminus of a PNA probe is reacted w^hS^ ^ 35 ^ H < CH 2>2°(CH 2 ) 2 OCH 2 COOH, the 
of the linker is reacted with the carboxyl group as T£? ^ *** 8nd ,hen ,he amino 9 rou P 

a binding group to a solid support is I^L^ST^^^^TT * ^ ^ ^ ^en 

a target substance can be separated from the solid suppon bv a omdl * ^ °' PNA Pr ° be in,eractiVG ^ 

>n hybridization efficiency is expected V predetermined Stance so that a further improvement 
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compatible to ink jet ejection using various solvents mentioned above. In particular, prior dissolution in trifluoroacetic 
acid can prevent the conversion of the terminal cysteine residues to cystine due to the oxidation of thiol groups of PNA. 
Thus it is preferable for further improvement in efficiency of a reaction between the thiol group of PNA and the maleimido 
group on a solid support surface. Although the reaction time of 30 min is sufficient for a reaction between a thiol group 
introduced at the terminus of a DNA probe or an RNA probe and a maleimido group on a solid support surface (when 
a bubble jet head is used), it is preferable to proceed a reaction for about 2 hours in case of PNA even using a bubble 
jet head. 

[0043] In the present invention, probes are not limited to nucleic acid probes, and include substances which can bind 
specifically to a target substance in a sample to be detected or analyzed, for example, ligands which can bind specifically 
to receptors, receptors which can bind specifically to ligands, oligopeptides and polypeptides which can bind to oli- 
gopeptides and polypeptides having specific amino acid sequences, and proteins (for example, antibodies, antigens, 
enzymes, etc.). 

[0044] As mentioned above, according to the method of manufacturing a probe array comprising a step of supplying 
a probe solution to a solid support using an ink jet ejection process, a probe array can be manufactured very easily. 
In particular, when functional groups are introduced both in a nucleic acid probe and in a solid support surface so as 
to form a covalent bond between them, adjacent spots do not connect each other even when a solid support on which 
wells, etc. have not been provided in advance, that is, a solid support which is substantially flat and has homogenous 
surface properties (water- wettability, etc.) is used. As a result, a nucleic acid probe array in which spots of a nucleic 
acid probe are arranged accurately and densely can be manufactured extremely efficiently and at a low cost. 
20 [0045] This description does not intend to exclude a solid support provided with wells on the surface in the present 
invention. For example, when opaque matrix pattern (referred to as a black (BM) matrix hereinafter) is previously formed 
between wells to which a probe solution is supplied, detection accuracy (SN ratio) can be further improved in optical 
detection (for example, detection of fluorescence) of hybridization between a probe and a target substance. In addition, 
when a matrix whose surface has a low affinity to a probe solution is provided between adjacent wells, the probe 
2S solution can be smoothly supplied to desired wells, even when the solution is supplied to somewhat offset positions 
during supply of the probe solution to wells. To enjoy such an effect, it can be used a solid support on the surface of 
which wells are provided. A solid support with a matrix formed on its surface, a manufacturing method thereof, and a 
method of using the solid support according to this embodiment are described below. 

[0046] FIG. 5A and 5B show examples of a probe array according to this embodiment of the present invention. FIG. 
5A is a plan view and FIG. 5B is a cross sectional view taken along the line 5B-5B of FIG. 5A. This probe array has a 
configuration in which a matrix pattern 1 25 in a framework structure containing hollowed parts (wells) 1 27 are arranged 
in a form of a matrix are formed on a solid support 103. The wells 127 separated by the matrix pattern 125 (projecting 
part) are provided as through holes (bored parts) in the matrix pattern, the side walls of the holes being formed by 
projecting parts, and a surface of the solid support 103 is exposed at the bottom 129. The exposed surface of the solid 
support 103 forms a surface which can bind to a probe, and probes (not shown) are fixed to the predetermined wells. 
[0047] Materials to form the matrix pattern are preferably those which make the matrix pattern opaque, considering 
improvement in detection sensitivity, S/N ratio, and reliability, when a reaction product of a probe and a target substance 
is detected optically, for example, by measuring florescence emitted from the reaction product. As these materials, 
metals (chromium, aluminum, gold, etc.) and black resins, etc., can be exemplified. As the black resins, included are 
resins such as acrylic, polycarbonate, polystyrene, polyethylene, polyimide, acrylic monomer, and urethane acrylate 
and photosensitive resins such as photoresists containing black dyes or pigments. As specific examples of photosen- 
sitive resins, for example, UV resist, DEEP-UV resist, ultraviolet cure resins can be used. As UV resists, negative 
resists such as cyclized polyisoprene-aromatic bisazide resists, and phenol resin-aromatic azide compound resists, 
and positive resists such as novolak resin-diazonaphtoquinone resists can be mentioned. As DEEP-UV resists, positive 
resists, for example, radiolytic polymer resists such as polymethyl methacrylate, polymethylene sulfone, polyhexafluor- 
obutyl methacrylate, polymethylisopropenyl ketone, and poly-1-trimethylsilyl propylene bromide and dissolution sup- 
pressant resists such as o-nitrobenzyl ester cholate, and negative resists such as polyvinylphenol-3,3'-diazidediphenyl 
sulfone and glycidyl polymethacrylate can be mentioned. 

[0048] As ultraviolet curing resins, polyester acrylate, epoxy acrylate and urethane acrylate, etc., containing about 
2-10 wt% of one or more photopolymerization initiators selected from a group consisting of benzophenone and its 
substituted derivatives, benzoin and its substituted derivatives, acetophenone and its substituted derivatives, and oxime 
compounds such benzyl, etc can be mentioned. 

[0049] As black pigments, carbon black and black organic pigments can be used. 

[0050] When the reaction product of a probe and a target substance is not detected optically and when light from a 
matrix does not affect optical detection of a reaction product, the use'of non-light-shielding substances as a material 
for a matrix pattern is not excluded. 

[0051] As one of the methods of forming a matrix pattern using the above materials, a method in which a photoresist 
layer is formed on a resin or a metal layer formed on the surface of a substrate, and after the patterning of the resist 
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a matrix 125 is made of a resin, the surface oHheTatrix SK£Sff? V ' pho,omask ,or P— *» When 
aqueous solution is used as a solution co^J^^^S^- CO " fi 9 ura,i °" ■ Parable when an 
supphed to wells by the ink jet method, the prob sotuto can £ ™ h W ^ * S ' Whe " 3 probe solu,ion « 
«he probe solution is supplied in •^.^SpL^,^^^ "X Sm °° ,hly t0 desired wells ' e ^n when 
wells simultaneously, cross-contamination of these dZent . , Pr ° beS SUPP ' ied to ad ' acent 

[0052] Since a solution of a probe, a bioma ehaf sue as ZTh T * * 9 We " S can be preve ^ d - 

this constitution in which a matrix pattern tel^eoeS^^T and , nuc,eic acids . is °«^n an aqueous solution, 
[0053] Next, a method of makino a bottoJ To I Z, 6 SU ' tab ' y US6d in Such evasions, 

probe is described. A functiona group STre leTo^T^ T °' I SUffaCe) Which can bind a 

be carried on a probe. For example, when a ^« W ^^J I tSio. de ' ermmed * ^ ftjncta "" ^ '° 
used, previous introduction of a maleimido group to a so IW s«£! .tSSl 9 '° UP " ,ntroduced at th * ^minus is 
of the nucleic acid probe supplied to wells form ?a covatn, 1 1 ' men,,oned above . makes the thiol group 

support and the nucleic acid probe is then f Led on the Surface of ml '"r^^ 0 ^ °" *• ""face of the solid 
having an amino group at the terminus, it is preferabfe to introduce? 8UPP0rt W " h 3 nucleic acid P»°t» 

combinations of these functional groups, tor ^ZZ ^c^Zl^ ^ * ' S °' id SUPPOrt SUrface ^ «hsr 
introducing a succinimide derivative to" the terminus f a l£^l£!^J™- * ^ *» P '° bS ^ 
surface is preferable. This combination of amino J»l P be) 3nd an amino 9 rou P for a solid support 

nucleic acid probe on a solid support a !cTb^a«on oZoitZ Zl T imm ° biliZation °< -»k injected 
wells are provided on the solid support. maieimiao groups but to a negligible extent when 

-heVS^ 

(silanol groups) to the surface, and then reacting TZZ r T hydr ° Xide '° expose h V drox V' groups 

amino group has been introduced (for examp le ^ZZST* ^ C ° nta,n ' n9 ' ^ C ° mP ° Und ,D " h ' ch a " 
pound to which an epoxy group has been" , r^uc^ etc > °' * «"ane com- 

droxyl group of the surface of the glass plate To Introduce Z ^^"W^^oxyritane. etc.) with a hy- 
amino groups introduced by the above method sr^tZZZ^ 'T* ,0 ^ °* the 9 lass P ,ate . th * 

4-(maleimido phenyl)butyrate etc N-male.m.docaproyloxy succinimide or succinimidyl- 

ircis^ 



( CH 3 0 ) 3 SiC 3 H 6 OCH 2 CH-CH 2 

Succinimidyl-4-(maleimidophenyl)butyrate 



O 
II 



n 



(CH 2 >3 - COO 




to which the prob. has b„n bound «• ™t »» ,eao. spscifcally ,o , p,ob<, is supplied to wells 
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for the glass plate mentioned above, amino groups or epoxy groups can be introduced by using a silane compound 
having amino group or epoxy group. Further a maleimido group can be introduced. Functional groups can be introduced 
either before or after the matrix pattern is formed on a solid support. Before matrix pattern formation , a reaction solution 
required for introduction of a functional group can be supplied to a solid support surface by spin coating or dip coating, 

s etc. After matrix formation, a reaction solution can be supplied to each well by the ink jet method, etc. 

[0058] To bind a probe to a resin substrate : for example, hydroxyl groups are introduced by oxidation of the surface 
of a resin substrate, then the hydroxyl groups are reacted with a silane coupling agent comprised of a silane compound 
containing an amino group to introduce amino groups, and each amino group is reacted with a functional group of a 
probe, as described in Japanese Patent Application LaidOpen No. 60-015560. 

w [0059] When the substrate after treatment is hydrophilic, above-mentioned resins to make matrix pattern formation 
can be used without any treatment as a relatively water-repellent material. When further repellency is required, a water- 
repellant can be added to a matrix material. When a matrix pattern is formed from a photosensitive resin such as 
photoresists, post-baking under appropriate conditions following exposure and development can provide stronger re- 
pellency to the matrix pattern. 

is [0060] When a probe solution is lipophilic, although it has been explained mainly on a hydrophilic probe solution, 
treatment can be performed in opposite. 

[0061] The size and shape of wells in a matrix pattern can be selected according to the size of a substrate, the size 
of an array as a whole finally prepared, the number and a type of probe constituting the array, or a method of forming 
a matrix pattern, a method of supplying a probe solution to wells in matrix pattern, and a method of detection, etc. 
20 [0062] Cross section of wells by a plane parallel to the substrate can be various shapes, in addition to squares as 
shown in FIG. 5, such as rectangles, various polygons, circles, and ovals. 

[0063] Preferably, wells have a maximum width of 300 u,m or less, considering the number of reactants and a size 
of a whole array. For example, as shown in FIG. 5, when a cross section taken parallel to a substrate is square, one 
side can be 200 um or less in length. Preferably, when wells are rectangular, the maximum side is 200 um or less, and 

25 when wells are round, the diameter is 200 fim or less. The minimum limit in length is about 1 urn. 

[0064] Wells can be arranged in various patterns as required. Wells can be arranged at equal intervals making rows 
and columns as shown in FIG. 5, or wells can be arranged so as to shift from the positions of wells in adjacent lines. 
[0065] A distance between adjacent wells is preferably set not to cause cross-contamination even when the ejection 
positions are somewhat offset from the position of the target well to which a probe solution is supplied by, for example, 

30 the ink jet method. In addition, considering a size of a whole array, cross-contamination, and handling properties in 
supply of various solutions, the distance between the adjacent wells is in the range of 1/2 to 2 times the maximum width. 
[0066] For example, it is desirable 1 00 X 100 or 1 ,000 X 1 ,000 or more types of probes are present in a probe array 
for fully displaying functions of combinatorial chemistry, and the size of a substrate is desirably 1 inch x 1 inch or 1 
cm x 1 cm, to be suitable for automation of operations such as probe fixation, sample supply and detection, thus for 

35 square wells it is preferable to set a side of a square of a well at 1-200 u.m or less and a distance between adjacent 
wells is at 200 urn or less, considering the matrix size. 

[0067] The thickness of a matrix (height from the solid support surface) is determined considering a method of forming 
the matrix pattern, volume of wells, and volume of a probe solution supplied. It is preferably 1 -20 um. Such a thickness 
enables, when a probe solution is supplied to each well by the ink jet ejection method, to retain the probe solution at 
^0 predetermined positions on a solid support and to prevent cross-contamination very efficiently, even when the properties 
of the probe solution should be not suitable for forming small spots on the solid support surface, in relation to the 
conditions for the ink jet ejection method. 

[0068] When a well has a size of the upper limits of the above-described desirable ranges, that is, 200 um x 200 
}im x 20 u,m, the well volume is 800 pi. When this size is used and a distance between adjacent wells (x in FIG. 1 ) is 
also set at 200 um a density of wells of 625 wells/cm 2 is obtained. That is, an array with a well density of an order of 
10 2 wells/cm 2 or more can be obtained. When a well is a square with a side of 5 urn, a distance between adjacent 
wells is set at 5 ujti, and a thickness of the matrix pattern is set at 4 jam, a volume of a well is 0. 1 pi and the density of 
wells is 1000000 wells/cm 2 . Since patterning of 5 urn x 5 |am X 4 um is possible in the present fine processing tech- 
nology, an array with a well density of an order of 10 6 wells/cm 2 or more can be included in the scope of the present 
50 invention. 

[0069] In this embodiment, the feeding volume of a probe solution or a substance to be reacted with a probe supplied 
to a well is 0.1 picoliters (pi) to 1 nanoliter (nl) from the above calculation, when the volume to be supplied is deemed 
to be the same as or almost the same as the volume of the well. When a matrix has little affinity to a solution to be 
supplied, it is possible to supply the solution in an volume exceeding the well volume which is retained above the 
opening of the well due to surface tension, depending to the type of the solution. In such a case, for example, a solution 
in a volume 10 to several tens of times larger than that of the well can be suppHed and retained. That is, several 
picoliters to several tens of nanoliters of a solution are supplied. In any cases, a probe solution is preferably supplied 
to wells using the ink jet method that can supply such a small amount of solution with position accuracy and supply 
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pstZZ a t~ rs oS i:z ,n rs> r ^ - * > *~ - 

S,nce a volume of ink to be ejected is several tens of oTclm^c 1 1 P ^ f ° r SUpplyin9 a so,u,io ' 1 to wells, 

be suitable for suppling a solution, also in mi respLct nan °" terS ' * e jet me,hod can ba *aid to 

somewhat offset direction, when a droplet lands on L \ add,t '° n ' SVen When a is in a 

and drawn into the we.l smoothly. SS^^^^JS^ ' ^ ^ Part ° n ,he matri * is «*•'■<* 
[0071] The ink jet method u^ri in hi . m,y ,0 the e,ec,ed s °"Jtion. 

embodiment of the present invention, prefer * Aerials a^e to 7 T V** ACC ° fdin9 to ,he second 

formed. When the reaction product o prob and a tame uhl f °' WWch 8 matrix P attern ca " be 

a solid support, the solid support is prefe ably t"ansp e'n TZ ™ f f 3 d6,eC,i ° n System via 

fused quartz, silicone, acrylic resins polycart^nTri.n" oo,vs,v^ ' ^ inC ' Udin9 Syn,he,ic duart2 and 
mentioned. When the reaction product is detected ooSfv S vt 1 « , w ' ^ ^ Ch, ° ride resins ' e,c can »e 
black solid support, and resin substrate *ca£SZX^Z7 " * Prefemb,e *° USe an °P tlca «y 

[0073] In the present invention a so^tonw^ 
issuppnedioap^obearrayand^^^^ 

must be supp.ied to the array, at .east one e sSlTuooS reaction When plural test solutions 

this case, as shown above, when the supplied soM^hl ^t , P ^ We " S '° ,he Pf ° be arra * respectively. In 
formed probe array and has no affinity to a mat ZaZnZTJ^ " * * ^ pf0be in ,he al - ad V 

can be achieved without cross-ooJZlZTs^osZtT^ T* °' S °' U,i ° n *° 3 reS,rb,ed ™*» area 
a matrix pattern is water-repellent In addition the u! ^ I ° ma,enals are watersoluble, wells are hydrophilic and 
-Howna^ anquan ^ 

[007S] The present invention is desc'r^ ** ^ — 

(Example 1) 

Manufacturing of Nucleic Acid Probe Array Using Bubble Jet Printer and Evaluation of the Probe Array 

(1) Washing of Substrate 

szu-CEiS ism ££zss? £ °s a r :r seu * - — -> — *g 

Ada, rinsino with dislill.d „a,„ Mn^tS^™ 1' tte "" B * r " r * moved "» "" 5i "9 «*» 

minulas The glass pla.a was im™ fa, J"! COn,amS " """""a ««l lad wala. fo, 20 

,na p,a,e was w„„ -rnrrirpra^r^r" '° ^ ^ 

(2) Surface Treatment 

[0077] a 1 wt% aqueous solution of a silane coupling agent (Product name KBMfim ^hin c , ^ 
containing a silane compound havino an amino nm„! ,ni r ,11. f K BM603, Shm-Etsu Chemical Co., Ltd.) 
at room temperature for 2 hours Sro^ was stirred 

immersed in this solution a. room temperaT^e^S'S ff r ?n h S " ane com P ound - The ". ^e substrate was . 

nitrogen gas to both sides of the S pTate "Sn thf! 7 S5, dfaWn Uf> ,he SOlu,ion ' and dried by blowing 
to complete silane coupling treatment t ^ n L uce a i « 9 P baked f ° r 1 h ° Ur in an oven heated to 120»C 

(6-ma,eimidocap.oy,oxy) sucSmide '^^lS ) 'SS^^S^ ? r^" 6 - ^ " ^ ° f ^ 
in a mixture of DMSO/e.hanol (1 : 1 ) to a final concentra ton , of 0 3 m^f, hereina,,er ) was wei 9hed and dissolved 
subjected to silanc coup.ing trlatment was immersS "he EMcTsJ ZnTr'J" TT ^ ^ ^ 

reaction of the amino groups carried on the surface of /hp ^ 7 . I , ^mperature for 2 hours for the 

groups of the EMCS solution In Z ^condi.ln Z 7 7 , V S " ane C ° UP ' in9 trea,ment and the carb oxyl 

surface. The glass p.ate drawn up ron ^eScs t 2 ma ' eimid ° 9r ° UpS deriV6d kom EMC S on its 

.sulfoxide and ethal, and * ^ °' 
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(3) Synthesis of DNA Probe 

[0078] A single-stranded (ss) nucleic acid of SEQ ID No. 1 was synthesized using an automatic DNA synthesizer A 
thiol (-SH) group was introduced at the terminus of the ss DNA of SEQ ID No. 1 using Thiol-Modifier (Glen Research 
5 Co,, Ltd.) during synthesis by the automatic DNA synthesizer. Following ordinary deprotection, DNA was recovered, 
purified with high performance liquid chromatography, and used in the following experiments. 

SEQ ID No. 1 

10 

5 HS-(CH 2 ) 6 -0-P0 2 -0-ACTGGCCGTCGTTTTACA 3 

(4) DNA Ejection and Binding to Substrate Using BJ Printer 

75 [0079] The ssDNA of SEQ ID No. 1 was dissolved in a TE solution (10 mM Tris-HCI (pH 8)/1 mM EDTA aqueous 
solution) to a final concentration of about 400 mg/m! to prepare a ssDNA solution (accurate concentration is calculated 
from absorbance). 

[0080] An aqueous solution containing glycerin at 7.5 wt%, urea at 7.5 wt%, thiodiglycol at 7.5 wt%, and an acetylene 
alcohol (Product name: Acetylenol EH; Kawaken Fine Chemical Co., Ltd.) having the above general formula (I) at 1 

20 wl% was prepared and added to the DNA solution to adjust a final concentration of the ssDNA to 8 jaM. This liquid had 
surface tension in a range of 30-50 dyn/cm and viscosity of 1.8 cps (E-type viscometer: Tokyo Keiki Co., Ltd.). This 
liquid was filled in an ink tank of a bubble jet printer (Product name: BJC620; Canon Inc.) and the ink tank was mounted 
on a bubble jet head. The bubble jet printer used here (Product name: BJC620; Canon Inc.) had been modified to 
enable printing on a plate. This bubble jet printer can print with a resolution of 360 x 720 dpi. The glass plate treated 

2S in the above (2) was then mounted on this printer and the liquid containing the probe nucleic acid was spotted on the 
glass plate. The distance between the nozzle tip of the bubble jet head and the surface of the glass plate was 1 .2-1 .5 
mm. The conditions for spotting were set in such a manner that the liquid was spotted once followed by 2 idle ejections 
in a direction of 360 dpi and then spotted once followed by 5 idle ejections in a direction of 720 dpi. After completion 
of spotting, the glass plate was left to stand in a humid chamber for 30 minutes to complete the reaction between the 

30 maleimido groups on the glass plate surface and the thiol groups at the terminus of the nucleic acid probes. The amount 
of the DNA solution ejected by one ejection operation of the printer was about 24 pi. 

(5) Blocking Reaction 

35 [0081] After completion of the reaction between the maleimido group and the thiol group, the glass plate was washed 
with an 1 M NaCI/ 50 mM phosphate buffer solution (pH 7.0) to rinse completely away the liquid containing DNA on 
the surface of the glass plate. Then, .the glass plate was immersed in a 2% bovine serum albumin aqueous solution 
and left for 2 hours to proceed a blocking reaction. 

40 (6) Hybridization Reaction 



[0082] A ssDNA with a base sequence complementary to DNA of SEQ ID No. 1 was synthesized using an automatic 
DNA synthesizer, and rhodamine was bound to its 5' -terminus to obtain a labeled ssDNA. This labeled ssDNA was 
dissolved in 1 M NaCI/50 mM phosphate buffer solution (pH 7.0) to a final concentration of 1 uJvl. The probe array 
45 subjected to the blocking treatment obtained in the above (5) was immersed in this solution at room temperature (25°C) 
for 3 hours to proceed a hybridization reaction. Then, the probe array was washed with 1 M NaCI/50 mM phosphate 
buffer solution (pH 7.0) to wash away the ssDNA which had not been hybridized with the probe nucleic acid. Then, the 
fluorescence intensity of each spot of the probe array was quantified using the image analyzer (Product name: ARGUS; 
Hamamatsu Photonics Co., Ltd.). 

so 

(7) Results 

[0083] The fluorescence intensity of the spots of the nucleic acid of SEQ ID No. 1 completely matched with the 
labeled ssDNA was 4,600. In addition, the probe array in which the respective spots emitted fluorescence after hybrid- 
55 ization was observed using a fluorescent microscope (Nikon Corp.). The results indicated that, in the probe array of 
this example, 

(a) Each spot was almost round and had a diameter in a range of about 70-100 fim; 
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(c) The columns and ro»s ol the spols were arranged in lines. 

[0084, These lac.e are »e„ e«ac„a h auloma,, d.leclion. elc. „, hyhndiy.d spol, „ a p Iob . a , ray 
(Example 2) 

Sh. M r b fC 9 °' ** P '* e *"» US " 9 B " BW » J " "~ - »— . ol Targe, Necle* Acid 

(1) A glass plate lor , prphe array „,s prepared ,„ ,ha same manner as h „ , and |2) o, Example , 

(2) Synthesis of Probe DNA 




during synthesis on the automatic DNA smth^ZTt » ^ Thio| - Modifler ^ Research Co., Ltd ) 

purified with high performance iiouid Z^ZZZS^^™?*. d DNA was then recovered, 

SEQ ID Nos. 2-4 are shown below: ° ma, ° 9raph * and used ' n 'he following experiments. The sequences of 



SEQ ID No. 2: 

5 HS- ( CH 2 ) 6 -0-PO 2 -O-ACTGGCCGTTGTTTTACA 3 



SEQ ID No. 3: 

5 



HS - ( CH 2 ) 6 -O - P0 2 - O- ACTGGCCGCTTTTTT ACA 3 
SEQ ID No. 4: 

5 HS-(CH 2 ) 6 -0-P0 2 -0-ACTGGCATCTTGTTTACA 3 

(3) DNA Probe Ejection and Binding to Substrate Using BJ Printer 
described^ 

1 and the respective ink tanks were nL^^^^^l^^ °' 3 bUbb ' 6 jet printer used 1(3 Example 
on the printer, and the 4 nucleic acid probes were s DO tted£ 1 \ 9 ^ Pfepared in (1 > was 
The spotting pattern in each area was the samTas SZTl ^ ,° f 3 X 3 mm ° n the 9lass P lale 
was ,eft in a humidified chamber for 30 minuS ^^^,Zu^^: ** *~ 

(4) Blocking Reaction 

• on the surface of the glass plate Then he So, * c ^P'etely away the solution containing DNA 

sofution and left for 2 hours ^^a^S^^T " * 2% ^™ ««-" aqueous 

(5) Hybridization Reaction 

A ssDNA with a base sequence complementary to DNA of qph in m , 
DNA synthesizer, and rhodamine was bound IS 2 2 s V nthesl2e d using an automatic 

disced ,„ an , U ^ mu ^ll^^^^^'STT^Z 
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array obtained in (4) was subjected to a hybridization reaction for 3 hours. Then, the probe array was washed with 
1 M NaCI/50 mM phosphate buffer solution (pH 7.0) to wash away the ssDNA which had not been hybridized with 
the probe nucleic acid. Then, the respective spots of the probe array were observed using a fluorescent microscope 
(Nikon Corp.) and the amounts of fluorescence were quantified using the image analyzer (Product name: ARGUS: 
5 Hamamatsu Photonics Co., Ltd.). 

(6) Results 

The fluorescence intensity of the spots of the DNA probe of SEQ ID No. 1 completely matched with the labeled 
ssDNA was 4,600, while the fluorescence intensity was 2,800 for the spots of the DNA probe of SEQ ID No. 2 
to containing one mismatched base. For the spots of the DNA probe of SEQ ID No. 3 having 3 mismatched bases, 

the fluorescence intensity was 2, 1 00, which was less than half that for the completely matched probe. No fluores- 
cence was observed for DNA of SEQ ID No. 4 containing 6 mismatched bases. The above result indicates that a 
completely complementary ssDNA was specifically detected on the DNA array substrate. 

?5 (Example 3) 

[0086] Concentration of DNA Probe Solution and Bubble Jet Ejection Properties 
(1 ) Synthesis of DNA Probe 

20 A ssDNA of SEQ ID No. 5 shown below was synthesized using an automatic DNA synthesizer and dissolved 

in a TE solution (10 mM Tris-HCI (pH 8)/1 mM EDTA aqueous solution) to concentrations of about 0.2 mg/ml, 2 
mg/ml, and 1.5 mg/ml to prepare DNA probe solutions of 3 different concentrations (accurate concentrations were 
calculated from absorbance). 

25 

SEQ ID No. 5: 
5 GCCTGATCAGGC 3 



(2) Ejection by BJ Printer 

An aqueous solution containing glycerin at 7,5 wt%, urea at 7.5 wt%, thiodiglycol at 7.5 wt%, and acetylene 
alcohol (Product name: Acetylenol EH; Kawaken Fine Chemical Co., Ltd.) having the above general formula (I) at 
1 wt% was prepared, added to the 0.2 mg/ml probe solution prepared in (1), and adjusted a final concentration to 
about 0.02 mg/ml (3 uivl). This solution was filled in an ink tank of a bubble jet printer used in Example 1 and the 
ink tank was mounted on a bubble jet head used in Example 1 . 

An aluminum plate of A4 size was mounted on the printer and the liquid was spotted to an area of 3 x 5 square 
inch of the aluminum plate. The condition of spotting was set so as to perform spotting in a density of 360 x 720 
dpi in the above area. A commercial ink for BJ620 was first printed on the aluminum plate as a control. This 
operation was performed on a total of 4 aluminum plates. 

The nucleic acid probespotted on the respective aluminum plates was recovered using the TE solution and 
purified by a gel filtration method. The amounts of the recovered nucleic acid probe purified were measured by 
absorbance. The recovery of the nucleic acid probe theoretically obtained is as follows. That is, a volume of a 
droplet ejected from the head of the printer used in this example was 24 picoliters. Then, since there were 4 
aluminum plates on which the solution was spotted in an area of 3 x 5 square inch at a density of 360 X 720 dpi, 
the following equation was obtained: 



24 (picoliters) X (720 X 360) X (3 x 5) X 4 plates = 373 uJ 

Absorbance at 260 nm of the probe nucleic acid for this volume and absorbance at 260 nm of recovered nucleic 
acid probe are shown in FIG. 3. 

(3) The operation identical to that described in (2) was performed on the probe solutions at concentrations of 2 
mg/ml and 1 5 mg/ml. The final concentrations of the nucleic acid probe of the respective ejection liquids were 30 
j.iM (0.2 mg/ml) and 225 jaM (1.5 mg/ml). Absorbance of the probe nucleic acid recovered from the respective 
solutions and absorbance of the probe nucleic acid in amounts theoretically obtained are shown in FIG. 3. 
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(4) Results 



nucleic acid probe due to burning and sSno oUhe nuH^ 9 J" k ^ m6,h0d ' 0 ° ^^^ative loss of the 

observed. No troubles in the head such as no^.i^ ^ ^ '° ,he hBat6r ° f ,he bubble i el ^ was 

using liquids of various concentration^ Tl TnZ^T^Z I - ° f SP ° ttin9 °" ,he a,uminum » 

(Example 4) 

[0087] Influence of Bubble Jet Process on Nucleic Acid Probe 
(1 ) Synthesis of Nucleic Acid Probe 

- ■ m«* The _ se^nc. c , h , , 0-1" ESSr" " ' — 

SEQ ID No. 6: 



5 AAAAAAAAAA 3 



(2) Ejection of DNA Solution with Bubble Jet Printer 
[0088] An aqueous solution containing glycerin at 7 5 wt% urea at 7 q wto/ an - H 

Acetylenol EH; Kawaken Fine Chemical Co Ltd > shown h^th! ,T ' acet ^ ,ene a,coh °' (Product name: 

res P ec_ 

some parts. ?his is conlld" oc ur due foTah, h, ScZf T 'r^ 6 ^''* SP ° tS C °™ ected in 

HPLC. and whether or not the nucle.c acid ^^^1^? h k Pr ° be S ° ,Utl ° n W3S ana,yzed ^ reverse P has * 
ejection. A 7-70% gradient rt^me^Sn^Z uZ ? * 6,60,100 " Com P arison wi * 'he solutions before 
support HPLC. As a resu.t, no DNA f ^Z^S^TTT ™ US6d * & 9 * Uent f ° r ,he reVerse 

acid probes were not denaturedby^ecZby tSS^^S>??!T ^ C ° nfirmin9 thaUhe nucleic 

as in Example 3 and the nucleic Si ! ™5L J« method. The recovered nucleic acid probes were quantified 

as shown in FIG. 4. P b3Se lengthS Were recovered a !™* at theoretical values 

(Example 5) 

Investigation of Reaction Time 

Shenuctic 3 ^ »- P< a " subjected to surface treatment on 

or 90 minutes, or overnight ^ToTS^ 

probe arrays reacted for 90 minis orTetiaht ^EET ^ ^ ^ h y bridiza,i °" As a '"«* the 
array obtained in Example TiS^lTSS ?k h flu ^scence strength similar to that shown by the probe 

giass p,a,e and the thX-p o me T^^SS^S^ ^ ma ' eimid ° °° *» SUrfaCe ° f the 

array reacted for 10 minuL. ^^^^^^^Z^^^ ^ ^ 
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(Example 6) 

[0092] Manufacturing of PNA Probe Array Using Bubble Jet Printer and Detection of Target Nucleic Acid Using the 
Probe Array 

(1 ) A glass plate for probe array was prepared in the same manner as in (1 ) and (2) of Example 1 . 

(2) Synthesis of Probe PNA 
Protein nucleic acids (PNAs) (Nippon Perceptive Co., Ltd.) with the base sequences of SEQ ID Nos. 7 and 8 

shown below were prepared. In the PNAs, a cysteine residue (expressed as Cys) was bound to the N-terminus of 
PNA (corresponding to 5'-terminal of DNA) and, as a result, a thiol group was introduced at the N-terminus. The 
PNA probe of SEQ ID No.8 is obtained by changing one base of the PNA probe of SEQ ID No. 7. 

15 SEQ ID No. 7 

N Cys-NH ( CH 2 ) 2 -Q- ( CH 2 ) 2 -0-CH 2 CONH-ACTGGCCGTCGTTTTACA c 
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SEQ ID No. 8 

N Cys-NH( CH 2 ) 2 -Q- ( CH 2 ) 2 -0-CH 2 CONH- ACTGGCCGTTGTTTTACA C 



(3) PNA Probe Ejection and Binding to Substrate Using BJ Printer 

The respective PNA probes were dissolved in 1 00 uJ of 0. 1 wt% trifluoroacetic acid to a final concentration of 
80 uM. Then, an aqueous solution containing glycerin at 7.5 wt%, urea at 7.5 wt%, thiodiglycol at 7.5 wt%, and 
acetylene alcohol (Product name: Acetylenol EH; Kawaken Fine Chemical Co., Ltd.) shown by the above general 
formula (I) at 1 wt% was added to the trifluoroacetic acid solutions of the PNAs to adjust a final concentration of 
PNA probe to 8 uM These liquids had surface tension in a range of 30-50 dyn/cm and viscosity in a range of 1 -5 cps. 

These PNA probe solutions were spotted, in a manner similar to that described in (3) of Example 2, on the 
respective areas of the glass plate prepared in (1). After completion of spotting, the glass plate was left standing 
in a humid chamber for 3 hours to react the maleimido group and the thiol group. The amount of the PNA probe 
solution ejected by one ejection operation of the printer was about 24 pi. 

(4) Blocking Reaction 

After completion of the maleimido group and the thiol group, the glass plate was washed with an 1 M NaCI/ 
50 mM phosphate buffer solution (pH 7.0) to rinse completely away the liquid containing PNA on the surface of 
the glass plate. Then, the glass plate was immersed in a 2% bovine serum albumin aqueous solution and left for 
3 hours to proceed a blocking reaction 

(5) Hybridization Reaction 

A ssDNA having a base sequence complementary to the PNA of SEQ ID No. 7 was synthesized using an 
automatic DNA synthesizer, and rhodamine was bound to its S'-terminus to obtain a labeled ssDNA. This labeled 
ssDNA was dissolved in 1 0 mM phosphate buffer solution (pH 7.0) to a final concentration of 5 n M (solution volume 
of 1 ml). The PNA probe array subjected to the blocking treatment in the above (4) was immersed in this solution 
at room temperature (25°C) for 12 hours to proceed a hybridization reaction. Then, the probe array was washed 
with a 1 0 mM phosphate buffer solution (pH 7.0) to wash away the ssDNA which had not been hybridized with the 
PNA probe. Then, an amount of fluorescence of spots of the probe array was quantified using the image analyzer 
(Product name: ARGUS 50; Hamamatsu Photonics Co., Ltd.). 

(6) Results 

The fluorescence intensity of each spot of the PNA probe of SEQ ID No. 7 completely matched with the labeled 
ssDNA was 2,400, whereas it was 1 ,100, about half, for the PNA probe of SEQ ID No. 8 having one mismatched 
base. From this, the completely complementary ssDNA was specifically detected on the PNA array. 
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(a) Each spot was almost round and had a diameter in a range o( about 200 urn- 

during obsorvaiior, ol rkrareseeooe As7"»su» diilrZ T. J W a "" > "° n ° n 0e P~«°" <* sodium chloride 

LLfn ! H^:iT 6 ^ ^ »* ol the spo, o, ,„e prob. array 
Slightly interior JL«*«^££2 S^SS pXTu ZT ° ™ A P '* ss hM 

(Example 7) 

G^s .mXedToTts sr^ ,ton ° f G,aSS SUbSlfa,e Wi ' h B ' aCk Used <°< Anay Which Has Epox, 

solution containing 1 wt% of silano coupling agenUPrSuTnam^ rSSS^V 5 ° Wt% me,han °' 3qUe ° US 
which contains a silane compound having an eooxv nrnnn r , !' ' ° m Sh,n " Etsu Chemical Co., Ltd.), 

temperature for 3 hours so as foTthe ^ was sti "<* at room 

solution was applied to the surface ofThe a ^«!! k , , S " ane com P ound to be hydrolyzed. Then the 

dried to introduce -po^C^. ^fceo, SfS2T 3 ^ ^ " *» 5 and 

f»f* ™me: BK-7 39 P, from Nippon Stee, Chemical 

of 5pm after setting'and .heSSSSS^ W ' ,h * T ^ '° yie,d 3 fi ' m thickness 

of 1 cm X 1 cm of the substrate was L^i^H »? / 88 US ' n9 3 hot pla,e for fi,m settin 9- An area 

•be distance (X) be^^jSST^ ^S^l^?' m88k WhiCh WaS p3 « emed s ° «« 
square of 100 pm X 100 pm and the substrate \L rS™ V * ^ 9 eometr V of th * wells would be a 
a spin developing instrument then washed wh ZS^^^SSST ^ deVe '° Pin9 ^'^^ 
substrate was then rough.y dried using a spin drS and heated HJcLT ? S °' U,i ° n The 

resist to be fully set; thus, a substrate havinn osnr 7, 30 m,nu1es ,n a clean oven for ^ 

we,™^ 

Scsi 0 csr^ ink t r: or a bubb,e jet p ™ — 

1 described above. And he solid w^^S^S^^T^- ^ US8d in Example 

and the wells of each solid support^^JSE^^^R* 80 ^' 0 " 0) ^ (2) Were Se < in ,he prin,er 
supply of Rhodamine B per well ^to^i^^T?™ 8 S ° 38 '° m3ke 3 checke ^ pattern. Here the 
pm. Then a ,0 pM amino^lTC aTueous sofuln was T^" 9 °' ' hiS Printer Was 5 

bubble jet head of the ^o^JS^i^S^J!^ r T° <3nk ' ,he ink ,3nk was fit,ed to the 

wells a.ready supplied with RnXnine B The e^LT 36 We " S ° ther ,h3n and ad ' acen ' t0 

are water-soluble they a eas^Xfr flom 2 " ^T' 0 ''" 9 Rhodamine B and amino-FITC is that they 
tochec k thecond H ,onLnd^ 

,om their fluorescence at a magnifJation of irS^^r^t^ 
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wells uniformly without forming a drop. In addition, no fluorescence of the other's pigment was observed in every 
well, that is, no cross-contamination was observed. 

(Example 8) 

5 

[0098] Preparation of Probe Array Using the Substrate of Example 7 and Detection of Target Nucleic Acid Therewith 

(1) A substrate with a BM was prepared in the same manner as in Example 7. 

10 (2) As DNA probes, three oligonucleotides were prepared, that is, a 18 mer oligonucleotide whose 5* terminus 

hydroxy! group was linked with an amino group via a phosphate group and a hexamethylene (SEQ ID No. 9), a 
probe differing from the oligomer of SEQ ID No. 9 in a single nucleotide (SEQ ID No. 10), and a probe differing 
from the oligomer of SEQ ID No. 9 in two nucleotides (SEQ ID No. 11 ) (all of these are HPLC grade, from Nippon 
Flour Mills Co., Ltd.). The base sequence of the oligomer of SEQ ID No. 9 was complementary to that of a part of 
the multiple cloning site of M13mp18-ss DNA which is a ssDNA. The base sequence and the linkage structure of 
the DNA probes of SEQ ID Nos. 9 -11 are shown below. 
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SEQ ID NO. 9 

5 NH 2 - ( CH 2 ) 6 - O- P0 2 - O - TGT AAAACGACGGCC AGT 3 
SEQ ID No. 10 

5 NH 2 - ( CH 2 ) 6 -O-P0 2 -0-TGTAAAACCACGGCCAGT 3 
SEQ ID No. 11 

5 'NH 2 - ( CH 2 ) 6 -0-P0 2 -0-TGTATAACCACGCCCAGT 3 ' 

(3) Single-stranded DNAs were synthesized each of which was fully complementary to each of the DNA probes 
of SEQ ID Nos. 9 - 11 . Then each DNA probe and each ssDNA were dissolved separately in a TE solution (pH 8) 
whose NaCI concentration was 50 mM to yield a final concentration of 100|iM; thus, DNA prove solutions and 
complementary ssDNA solutions were prepared. 100 uJ of each DNA probe solution was added to and mixed with 
100uJ of the corresponding complementary ss DNA solution, and each mixture was heated to 90°C, and then 
cooled to 25° over 2 hours to cause the DNA probe and the ss DNA to hybridize. Each of the solutions containing 
a hybrid of each of the DNA probes of SEQ ID Nos. 9 - 11 was added to the aqueous solution containing 7.5 wt% 
of glycerol, 7.5 wt% of urea, 7.5 wt% of thiodiglycol and 1 wt% of acetylene alcohol represented by the general 
formula (1) above (Product name: Acetylenol EH, from Kawaken Fine Chemical, Co., Ltd.) to a final hybrid con- 
centration to 8 uM The surface tension of each solution containing a hybrid of each DNA probe lies in the range 
of 30 to 50 dyne/cm, and the viscosity in the range of 1 to 5 cps (E-type viscometer, from Tokyo Keiki, Co., Ltd.). 

Then three ink tanks for a bubble jet printer (Product name: BJC620, from Canon Inc. ) were prepared, and 
each ink tank was filled with each of the above three different hybrid solutions and fitted to the head of the bubble 
jet printer used in Example 1 The glass substrate with a black matrix (BM) prepared in the above description (1 ) 
and (2) was also set in the printer, and the solution containing the hybrid of the DNA probe of SEQ ID No. 9 was 
first supplied to the first column of the wells (131 in Fig. 6). Then the solution containing the hybrid of the DNA 
probe of SEQ ID No. 10 was supplied to the second column of the wells (133 in Fig. 6) which were adjacent to 
those of the first column, and further the solution containing the hybrid of the DNA probe of SEQ ID No. 11 was 
supplied to the third column of the wells (1 35 in Fig. 6) which were adjacent to those of the second column. Four 
ejections of each hybrid solution were supplied to each well to bring the final amount of the solution per well to 
about 100 pi. This amount was about 2 times as large as the volume of each well; however, the microscopic 
observation of the wells revealed that, although the hybrid solution supplied rose above the surface more than the 
opening of the wells, it remained in the wells due to the hydrophobic matrix, and cross-contamination between the 
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wells was not observed. 



~ s rCTvT ,emp r re and humidi,y — 250 - 

bases of the probes hybridized wSh ZbSa^^^ZZ ^ amin ° 9r0UpS in the 

groups of the wells. completely complementary to them, they would not react with epoxy 

(4) Then the substrate was washed with 80°C pure water fnnn mi o,, t ^ ( -.• 

from the probes linked to the substrate and wash Sm i 10 Tr ? d,SSOCia,ethecom P lemen,ar y brands 
ethanolamine aqueous solution at r^om tempSur «oT Z ToZT' ^IT *™ ^ Wl ' h 3 1 % 
of each we,.. The substrate was then washed' wS pin > wa. e ° and S ° ** 6P ° Xy 9r ° Ups 

ONA^obTs^ '?! rin ? S ° f 9 rou P s unreacted with the 

the hydrophilicity of the bottom surfaced 

target ssDNAs is supplied to the wells ,nc ^sed, wh,ch ,s advantageous when a solution containing 

(5) Single-stranded DNAs fully complementary to the DNA probe of SFO in m« q 

(PH 8) whose NaCI concentration was 50 mM to vield a T , 9 W6re dlssolved j " TE solution 

the wells obtained in the above desertion WHo wh ich en „ " and a,ter the P robe a " a V of 

was,mM.andthe washing JI^"^^^^ 

. -o~^ -erred to as P 2 , wh ,ch does no, 

NaCI concentration was 50 mM to a f nafcon^nZ f??" IT d,SS °' Ved 3 TE S °' Uti0n < pH 80 > whos * 
o, the above ink jet printer and ,ne tank was fitted £ thl h . ^ ,hiS S ° ,Uti ° n WaS fi,led lnt0 thc ink tank 
«o hybridization in L above descr^Ts) ZlVo^n^T ^"T" * ^ ™ e SUbS,rate SUb ' ected 
supplied with 100 pi of P2 solution After, h^ the sub, , 7 ^ ^ We " ° f ,he subs,rate was 

humidity was 100%' lor 5 mhu^^^'J^™^^ * • sp ^ a ' Camber whose 
determined using an inverted microscope (Product name MT2 f!om nf ^ ° bS6,Ved 3nd ^""tatively 
^•-noafiKercubeforafluore^ 

m.rror of 620 nm, a barrier filter for fluorescence of Bin „7 , -Jo= , t0 595 nm (P ass,n 9). a dichroic 

name: C2400-87, from Hamama.su Photonics ^ lS Man iJ^""™ 3 " ' CCD Camera < Product 

Hamamatsu Photonics Co Ltd) cc^ectS to i, Thl S£5 T 9 Pf ° CeSS ° r (Pr ° dUCt name: ARGUS 50 - ,rom 
x 64, and the amplification level ^oTaRGuTsS ITs ^ " ^ * ^ 

Eedtmrh: IS^^^^^Tl fTX T " ^ ^ WaS 
1 0300 was observed from the wells havingTe DNA prcle of SEQ ? ^ T^"" ° f 98 °° *° 

from, e~ 

S^^^^z^^r7Tr in9 ,o the prese : ~ — - — a 

plementary to the DNA probe oTseS f D No 9. " " ^ ^ ^'^ aC ' d WhiCh is com ^ com- 



(Example 9) 



[01 01] Selective Supply of Reactants to Each We| , of , he Pfobe ^ Qf & ^ ^ ^ ^ 

Exam;re b 8 ,rate h °' din9 imm ° bi ' iZed ° NA Pr ° beS * SEQ ,D «- P-pared in the same manner as in 

probTsTf SETlD^r^TihTrNA^lT T C ° mP,e,e,y —^—^ to one o, the DNA 
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the printer, and to each well where one of the DNA probes of SEQ ID Nos. 9-11 was immobilized, 100 pl/well of 
the solution containing the corresponding complementary ssDNA was supplied. From the microscopic observation 
of the well conditions at this point, neither solution oozing nor cross-contamination was observed, showing that 
plural reaction solutions can be supplied separately to the wells of the probe array. 

5 

(3) After hybridization reaction was carried out in each well in the same manner as in Example 8, a P2 solution 
was supplied to each well in the same manner as in Example 8 to detect the formed hybrid by the observation of 
fluorescence. As a result, fluorescent intensity of 9800 - 10300 was observed in each well. It was confirmed from 
the result that reactant can be supplied separately to each well of the probe array, the reactant can react with the 
10 probe in each well, and that the resultant product of the reaction can be detected. 

(Example 10) 

[0102] Treatment for Providing Hydrophilicity to the Bottom Surface of the Substrate Wells of Example 7 

15 

(1 ) A glass substrate with a black matrix pattern was prepared in the same manner as in Example 7. 

(2) The surface of the substrate on which a black matrix was formed was subjected to UV ozonization. At this point, 
the contact angle of the surface of the black matrix to water was 93°, which means that the surface of the black 

20 matrix was water-repellanl, and the contact angle of the bottom surface of the wells to water was 22° : which means 

that the bottom surface of the wells was hydrophilic compared with the untreated bottom surface of the wells of 
the substrate prepared in Example 7. This may be attributed to the effect of UV ozonization described above. 

(3) Then Rhodamine B and amino-FITC aqueous solutions, just as in Example 7, were fed to the wells from an 
25 ink jet printer and the conditions in the wells were observed. The observation showed that each aqueous solution 

spread uniformly not forming a drop within the wells. When a solid support having wells on its surface is used as 
a solid support of a probe array, it is not necessary to hold the solution ejected from an ink jet printer at a very 
definite position on the surface of the support, and fully spreading of the ejected solution over the bottom surface 
of the well is preferable for the subsequent detection of the reaction between a probe and a target substance. The 
30 treatment for making the bottom surface of the well hydrophilic, which was described in this example, is a preferred 

embodiment of the present invention. Furthermore, there was found only expected pigment in each well, showing 
that, with this ink jet process, each aqueous pigment solution can be supplied to each well without causing any 
cross-contamination. 

35 (Example 11) 

[0103] Process for Preparing Probe Array Using Solid Support Containing Functional Groups for Probe Immobiliza- 
tion Introduced by Supplying Solution by Ink Jet Method in Each Well in Black Matrix and Its Use 

(1) A substrate with a black matrix was prepared in the same manner as in Example 7. 

(2) A silane coupling agent (Product name: KBM603, from Shin-Etsu Chemical Co., Ltd.) which contained a silane 
compound to which an amino group is bonded (N-p-(aminoethyl)-Y-aminopropyltrimethoxysilane) was dissolved 
in a 10 wt% methanol aqueous solution to the concentration of 1 wt%, and stirred at room temperature for 3 hours 
to hydrolyze methoxy groups of the above silane compound. Then this solution was filled into an ink tank for a 
bubble jet printer (Product name: BJC620, from Canon Inc.), and the tank was fitted to the head of the bubble jet 
printer used in Example 1 The substrate prepared in the above description (1) was also set on the printer, and 
the solution of the silane coupling agent, which contained a silane compound whose methoxy groups had been 
already hydrolyzed, was supplied to each well of the substrate in the same manner as in Example 8. After left 
standing in a thermohygrostat whose temperature and humidity were 25°C and 1 00%, respectively for 30 minutes, 
the substrate was washed with distilled water, spin-dried, and baked at 100°C for 30 minutes to introduce amino 
groups to the bottom surface of the wells. 

(3) Then succiimidyl-4-(maleimidophenyl)butylate (from Aldrich Co., Ltd.) was dissolved in a 5 wt% DMSO solution 
to yield a final concentration of 5 wt%, and 100 pi of this solution was supplied to each well using a ink jet printer 
in the same manner as the above description (2), after that, the substrate was allowed to stand in a thermohygrostat 
whose temperature and humidity were 30°C and 100% respectively for 2 hours. The substrate was then washed 
with distilled water, and spin-dried. Thus maleimido groups were introduced to the bottom surface of the wells. 
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T * ' whose 5- terminus 

differing from the oligomer of SEQ D No ^ in Ph ° SP *° r,C 9 , rOUP and "Methylene (SEQ ID Mo. 12). a probe 
the ohgomer o, SEQ? D No S^^^^d^E^S"/*? ' D N °- 1 3 >' and a P«*e differing'from 
Mills Co., Ltd.). The base sequence SSSS are HPLC Tom Nippon Flour 



are shown 



SEQ ID No. 12 

5 HS-(CH 2 ) 6 -0-P0 2 -0-TGTAAAACGACGGCCAGT 3 
SEQ ID No. 13 

5 HS- ( CH 2 ) 6 -0-P0 2 -0-TGTAAAACCACGGCCAGT 3 ' 
SEQ ID No. 14 

5 HS- ( CH 2 ) 6 -0-P0 2 -0-TGTATAACCACGCCCAGT 3- 

(5) Each of the above DNA probes of SEQ ID Wnc 13 ia , , . 

fo yield a final concentration of 100 J* and each DMA ol"n, T " 1 ° mM Ph ° Spha,e bUffer so,ution 

prepared in the above description , (3) in "ne sam ?" SUPP,ied l ° thS We " S °' the substrate 

observation of each well showeo^hat A orXX '"^P' 6 8 described An microscopic 

of the we.,, but remained in he wet due to the Smnh T "T ^ ^ ,he SUrfaCe °' ,he °P enin 9 

con«m,a,ion ol, 0 Tha m£STJS w^h £T ^ f c °™ e "™'«>" 5° mM ,o yiald , thai 
Then the substrate was washefl al 20-c toan , Z !, '° 26 C "'"* 2 hours '° cause 8 Hybridization 

and the washing ^S£^£SSX!£SSSi SSSSS^SSST ~ " 

NaCI ZZ^sSUS ^ c ^r , f h i ; h ^ id ' was in a TE solution whose 

fo each we., which had been subbed V^Zt^lll^^ V°° P ' ° f thiS S0 ' U,i ° n W * S SUPP ' ied 
above description (2) using an ink ie printer anc ffl^ll above description (6), in the same manner as the 

same manner as in Example B (ue R7S e^nZ^HlTlT^T qUanti,ative| y *«°™™« h the 
the same as in Example 8 excitation filter). Here the s.gnal amplification level of ARGUS 50 was 

[0104] As a result, fluorescent intensity of 1 800 to 2000 which a i m „ c , ,u 

observed in the wells containing the DNA probe o° SEQ ID No 7/ LT , °' the back 9 rou ^ was 

observed in the wells containing the DNA P S be of S f E Q D» »^^. l * n,,y °' 75 °° '° 8000 Was 
observed in the wells containing'he DNA probe of SEqTd No 13 Afterle soLT' °' 31 °° * 33 °° W9S 

minutes with a TE buffer solution a measurement Z fi d SUpp ° rt was washed at 35 ° c *»r 10 

rescen, intensity from the wet onioning pS^TE? il T ^ M ^ ^ 
[0105] These results shows that the ,L Z - k 1 3 decreased l ° the background level, 

hybridization react onln each w e n »! JSTtT T^" 9 f ° * 9 Pr6Sent inVention al,ows to a ' b - a a 
plementary to the DNA probe oTsEd f D No 9 . P " ^ ^ ^ ^ 3Cid Which is C ™^V com- 
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(Example 12) 
[0106] 

5 (1) A substrate was prepared to which the DNA probes of SEQ ID Nos. 12-14 were linked in the same manner as 

in Example 11. 

(2) Three ssDNAs complementary to the DNA probes of SEQ ID Nos. 12-14 were synthesized. Then each DNA 
probe was dissolved in a TE buffer solution whose NaCI concentration was 50 mM to yield a final concentration 
10 of 10 mM. Here pH value of each ssDNA solution was 8. Three ink tanks for a bubble jet printer (Product name: 

BJC620, from Canon Inc.) were prepared, and three ink tanks were filled with the above three ssDNA solutions 
respectively and fitted to the head of the bubble jet printer used in Example 1 . The substrate prepared in the above 
description (1) was also set on the printer, and to each well in which one of ssDNA probes of SEQ ID Nos. 12-14 
was fixed, 100 pl/well of a solution containing corresponding complementary ssDNA was supplied. From a micro- 
scopic observation of the well conditions at this point, neither solution oozing nor cross-contamination was ob- 
served, showing that it is possible to supply the solution of the substances to be reacted separately to each well 
of the probe array. 
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(3) After hybridization reaction was carried out in each well in the same manner as in Example 11, a YOYO-1 
solution was supplied to each well in the same manner as in Example 11 to detect hybrid formation by observing 
its fluorescence. As a result, fluorescent intensity of 7500 - 8000 was observed in each well. It was confirmed from 
this result that reactant could be supplied separately to each well of the solid support probe array and be reacted 
with the probe in each well, and that the resultant product of the reaction could be detected. 

25 (Example 13) 

[01 07] Process for Preparing a Probe Array Using a Substrate Provided with Wells Having Epoxy Groups Introduced 
by Immersing Substrate After BM Formation in a Solution for Epoxy Group Introduction 

30 0 ) A substrate provided with a black matrix was prepared in accordance with the description (2) of Example 7. 

(2) In the same manner as in (1) of Example 7, an 1 wt% aqueous solution of a silane coupling agent (Product 
name: KBM403, from Shin-Etsu Chemical Co., Ltd.) : which contains a silane compound having an epoxy group 
(Y-glycidoxy propyl trimethoxysilane), was stirred at room temperature for 1 hour to hydrolyze methoxy groups of 

55 the silane compound molecule. Then the solid support prepared in the above description (1 ) was immersed in this 

solution at room temperature for 30 minutes and washed with distilled water, and after the remaining water was 
removed by nitrogen gas flow, it was baked at 1 20°C for 5 minutes to introduce epoxy groups to the bottom surface 
of the wells. At this point, the black matrix surface was water-repellant since its contact angle to water was 95°, 
and the bottom of the wells was hydrophilic since its contact angle to water was 33°. Thus, introduction of epoxy 
groups to the bottom surface of the wells is also made possible by treating the BM-formed solid support with a 
silane coupling agent. 

(3) In accordance with the procedures described in (3) and (4) of Example 8, the DNA probes of SEQ ID Nos. 9 - 
10 were bonded to the bottom surface of the wells. 

(4) Single-stranded DNA complementary to the DNA probe of SEQ ID No. 9 was synthesized on an automatic 
DNA synthesizer, tetramethylrhodamine was bonded via a hexanolamine linker at its 5* terminus thereof to obtain 
a labeled ssDNA. Then the labeled ssDNA was dissolved in a TE buffer solution (pH 8) whose NaCI concentration 
was 50 mM to yield a final concentration of 2 uM Subsequently, the DNA probe-bonding substrate prepared in 
the above procedure (3) was immersed into this solution, and the temperature of the solution was decreased from 
80°C to 25°C over 2 hours to cause a hybridization reaction. After that, the probe array was washed at 29°C for 
20 minutes using 10 mM NaCI/TE buffer solution (pH 8) to wash away free labeled ssDNA. 

Then the fluorescent intensity in each well was quantitatively determined in the same manner as in Example 8. 

55 (5) Results 

The fluorescent intensity of 8500 - 9400 was observed in the wells containing DNA probe of SEQ ID No. 9 
which was a perfect match of the labeled ssDNAs. And the fluorescent intensity of 2800 - 3400 was observed in 
the wells containing the DNA probe of SEQ ID No. 10, while the fluorescent intensity of as low as 1200 - 1500 was 
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observed in the wells linked with the DNA probes of SEQ ID No n ah*, ,h k 
— P- a ™^^ 

of this method enables efficLLanSfactu^ by m6anS °' the ink ' et me,hod The use 

pendently in high density. manu,acturin 9 °» a P«*e array of h.gh quality comprising probe spots arranged inde- 

-u-^r^ about a target substance more 

stance in a sample can be determined more ac^ atelvLnd m. !?, ? ' the e resence/ ^nce of a target sub- 
of a target substance in a -m^T^SSK^S^ ? US ' n9 ^ Pf ° be ^ Similarl * ,he s,ructure 
[0110] According to the present inventfon somfnT ^"f^ and more spicily using the probe array. 
solufconandasa^plesoS 

of the solid support. A further increase in accural Z th! h!? f V , 9 °" d SUpport havin 9 wells on the s ^e 
structure can be achieved by proving a^Z^T^Zn^ *" ™»°«*» °< * S 

[SEQ ID List] 

[0111] SEQ ID NO: 1 

SEQUENCE LENGTH: 18 
SEQUENCE TYPE: Nucleic acid 
STRANDEDNESS: Single 
TOPOLOGY: Linear 

term L ,nu C s ULAR ^ ^ «** ***** DNA ADDITIONAL INFORMATION: Thiol group bound at the 5 , 

SEQUENCE DESCRIPTION 

ACTGGCCGTCGTTTTACA 

SEQ ID NO: 2 
SEQUENCE LENGTH: 18 
SEQUENCE TYPE: Nucleic acid 
STRANDEDNESS: Single 
TOPOLOGY: Linear 

ter 3 m L inu C s ULAR JYPE: ^ "* Synthetic DNA ADDITIONAL INFORMATION. Thiol group bound a, the 5'- 

SEQUENCE DESCRIPTION 

AC T GGCCGT TG T T T T AC A 

SEQ ID NO: 3 
SEQUENCE LENGTH: 18 
SEQUENCE TYPE: Nucleic acid 
STRANDEDNESS: Single 
TOPOLOGY: Linear 

MOLECULAR TYPE: Other nucleic acid: Synthetic DNA SEQUENCE DESCRIPTION 



ACTGGCCGCTTTTTTACA 



SEQ ID NO: 4 
SEQUENCE LENGTH: 18 
SEQUENCE TYPE: Nucleic acid 
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STRANDEDNESS: Single 
TOPOLOGY: Linear 

MOLECULAR TYPE: Other nucleic acid: Synthetic DNA SEQUENCE DESCRIPTION 

5 

ACTGGC ATCTTG TTTACA 

SEQ ID NO: 5 
SEQUENCE LENGTH: 12 
10 SEQUENCE TYPE: Nucleic acid 
STRANDEDNESS: Single' 
TOPOLOGY: Linear 

MOLECULAR TYPE: Other nucleic acid: Synthetic DNA SEQUENCE DESCRIPTION 

15 

GCCTGATCAGGC 

SEQIDNO:6 
SEQUENCE LENGTH: 10 
20 SEQUENCE TYPE: Nucleic acid 
STRANDEDNESS: Single 
TOPOLOGY: Linear 

MOLECULAR TYPE. Other nucleic acid: Synthetic DNA SEQUENCE DESCRIPTION 

25 

AAAAAAAAAA 

SEQID NO: 7 
SEQUENCE LENGTH: 18 
30 SEQUENCE TYPE: Nucleic acid 
STRANDEDNESS: Single 
TOPOLOGY: Linear 

MOLECULAR TYPE: Other nucleic acid: Synthetic PNA ADDITIONAL INFORMATION: Cysteine residue bound at the 
N'-terminus 
35 SEQUENCE DESCRIPTION 

ACTGGCCGTCGTTTTACA 

40 SEQ ID NO: 8 

SEQUENCE LENGTH: 18 
SEQUENCE TYPE: Nucleic acid 
STRANDEDNESS: Single 
TOPOLOGY: Linear 

45 MOLECULAR TYPE: Other nucleic acid: Synthetic PNA ADDITIONAL INFORMATION: Cysteine residue bound at the 
N'-terminus 

SEQUENCE DESCRIPTION 



so ACTGGCCGTTGTTTTACA 

SEQ ID NO: 9 
SEQUENCE LENGTH: 18 
SEQUENCE TYPE: Nucleic acid 
55 STRANDEDNESS: Single 
TOPOLOGY: Linear 

MOLECULAR TYPE: Other nucleic acid: Synthetic PNA ADDITIONAL INFORMATION: Amino group bound at the 5'- 
terminus 



25 

BNSDCCID: <EP 0695082A2_I_> 



SEQUENCE DESCRIPTION 



EP 0 895 082 A2 



TGTAAAACGACGGCCAGT 

5 

SEQIDNO: 10 
SEQUENCE LENGTH: 18 
SEQUENCE TYPE: Nucleic acid 
STRANDEDNESS: Single 
io TOPOLOGY: Linear 

terminus 0 '^ ^ ^ nUC,elC *** ° NA ADDIT 'ONAL INFORMATION: Amino group bound at the 5"- 

SEQUENCE DESCRIPTION 
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TGTAAAACCACGGCCAGT 



SEQ ID NO: 11 
SEQUENCE LENGTH: 18 
20 SEQUENCE TYPE: Nucleic acid 
STRANDEDNESS: Single 
TOPOLOGY: Linear 

t^nu8 ULAR TYPE: ° ther nUC,6iC aCid: SynthGtlC ° NA ADD,TlONAL '^FORMATION: Amino group bound at the 5'- 
25 SEQUENCE DESCRIPTION 



TGTATAACCACGCCCAGT 



SEQ ID NO: 12 
SEQUENCE LENGTH: 18 
SEQUENCE TYPE: Nucleic acid 
STRANDEDNESS: Single . 
35 TOPOLOGY: Linear 

ter^inus ULAR ^ ^ ^ *** Synth9tlC ° NA ADD,TIONAL INFORMATION: Thiol group bound at the 5'- 
SEQUENCE DESCRIPTION 



TGTAAAACGACGCCCAGT 



SEQIDNO: 13 
45 SEQUENCE LENGTH: 18 

SEQUENCE TYPE: Nucleic acid 
STRANDEDNESS: Single 
TOPOLOGY: Linear 



ter^inus ULAR ^ ^ "** ° NA AD ^ TIONA L INFORMATION: Thiol group bound aUhe 5'- 

SEQUENCE DESCRIPTION 



TGTAAAACCACGGCCAGT 



SEQIDNO: 14 
SEQUENCE LENGTH: 18 
SEQUENCE TYPE: Nucleic acid 
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STRANDEDNESS: Single 
TOPOLOGY: Linear 

MOLECULAR TYPE: Other nucleic acid: Synthetic DNA ADDITIONAL INFORMATION: Thiol group bound at the 5'- 
ter minus 

SEQUENCE DESCRIPTION 



TGTATAACCACGCCCAGT 

Claims 

1. A method of spotting a probe which can bind specifically to a target to a solid support comprising the steps of: 

supplying a liquid containing a probe on a surface of a solid support by an ink jet method and attaching the 
liquid, and 

forming a spot of probe on the surface of the solid support. 

2. The method of spotting according to claim 1 wherein the probe is a single-stranded nucleic acid probe. 

3. The method of spotting according to claim 2 wherein the single-stranded nucleic acid probe includes a single- 
stranded DNA probe. 

4. The method of spotting according to claim 2 wherein the single-stranded nucleic acid probe includes an RNA probe. 

5. The method of spotting according to claim 2 wherein the single-stranded nucleic acid probe includes a single- 
stranded PNA probe. 

6. The method of spotting according to claim 2 wherein the surface of the solid support has a first functional group 
and the single-stranded nucleic acid probe has a second functional group, and the first and second functional 
groups react each other by contact. 

7. The method of spotting according to claim 6 wherein the first functional group on the surface of the solid support 
is a maleimido group and the second functional group of the single-stranded nucleic acid probe is a thiol (SH) group. 

8. The method of spotting according to claim 7 wherein the solid support is a glass plate and the maleimido group is 
introduced by introducing an amino group on the surface of the glass plate and then reacting the amino group with 
N-(6-maleimidocaproyloxy) succinimide. 

9. The method of spotting according to claim 7 wherein the solid support is a glass plate and the maleimido group is 
introduced by introducing an amino group on the surface of the glass plate and then reacting the amino group with 
succinimidyl-4-(maleimido phenyl) butyrate. 

10. The method of spotting according to claim 7 wherein the maleimido group is reacted with the thiol group for at 
least 30 minutes. 



1 1 . The method of spotting according to claim 1 0 wherein the single-stranded nucleic acid comprises a single-stranded 
PNA probe, at the terminus of which the thiol group exists, and the maleimido group is reacted with the thiol group . 

50 for at least 2 hours. 

12. The method of spotting according to claim 11 wherein the thiol group at the terminus of the single-stranded PNA 
probe is introduced by binding cysteine group to the N-terminus of the single-stranded PNA probe. 



1 3. The method of spotting according to claim 6 wherein the first functional group on the surface of the solid support 
is an epoxy group and the second functional group of the single-stranded nucleic acid probe is an amino group. 

14. The method of spotting according to claim 13 wherein the solid support is a glass plate and the epoxy group is 
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— * - — — on the surface of the 

15 ^^^tsss- epoxy 9roup j ™ by applyi - -~ 

16 ^A^sr^c: ~ r^— s . urea at 5 - 10 ^ *- a < - 

17 ' ZZS^&T^ to c,aim 16 wherein ,he acetylene a,coho1 has a structure d ^ *• 



R i 
l 

R 2 -C-0-(CH 2 -CH 2 -0>- n H 

S (I) 

C 

I 

R 3 -C-0-(CH 2 -CH 2 -0>- m H 



n = 0 o!tr + n n ,5,an 2 d ^n a l::;^o S r e n n, i s a o, a,ky, ^ "* m ^ " m ^ «* -0 and 

*> 18 ^"C^oS?5r^ '° C ' aim 2 Wh6rein 3 C ° nCen,ra,i0n °» the ^-e-stranded nucleic acid probe in 
19 ' JSrSJ^aSSf aCCOrdin9 l ° C ' aim 18 Wh6rein 8 C ° nCentra,i0n ° f ^ -9'-tranded nucleic acid probe 
" b T as e eT. e,h0d °' SP ° ,,in9 aCCOrdm9 *° C ' aim 2 Wherei " 3 le ^ h of *• sing,e-stranded nuc. e ,c acid probe is 2-5,000 

21. The method of spotting according to Cairn 20 wherein a .ength o, the single-stranded nucleic acid probe is 2-60 

22. The method of spotting according to claim 1 wherein the ink jet method is a bubble jet method. 

aCCOfdin9 ,0 C ' aim 1 Wh6rein PTObe jS 3n « ^ Po'VPeptide with a specific 

24. The method of spotting according to claim 1 wherein the probe is a protein. 

25. The method of spotting according to claim 24 wherein the protein is an antibody. 
so 26. The method of spotting according to claim 24 wherein the protein is an enzyme. 

27. The method of spotting according to claim 1 wherein the probe is an enzyme. 

25 spo,,,n9 acc °"" ng lo < * m 1 «'"* "» •* » w i— « *„„ ho™> 9 ,„ ous surtae « 
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30. The method of spotting according to claim 29 wherein the liquid is supplied on the surface of the solid support so 
as to obtain a distance between the adjacent spots not smaller than the maximum width of the spot. 

31. The method of spotting according to claim 30 wherein blocking is performed on the surface of the solid support to 
prevent a sample from attaching to the surface other than spots of the surface of the solid support. 

32. The method of spotting according to claim 31 wherein the blocking is achieved by using bovine serum albumin. 

33. The method of spotting according to claim 1 wherein the solid support is partitioned by a matrix arranged in a 
pattern on the surface, a plurality of wells whose bottom is the surface of the solid support exposed in the pattern 
are provided, and the liquid is supplied to the respective wells. 

34. The method of spotting according to claim 33 wherein the solid support is optically transparent and the matrix is 
opaque. 



35. The method of spotting according to claim 33 wherein the matrix comprises a resin. 

36. The method of spotting according to claim 33 wherein the surface of the matrix is hydrophobic. 
20 37. The method of spotting according to claim 33 wherein the bottom of the wells is hydrophilic. 

38. The method of spotting according to claim 33 wherein the matrix has a thickness of 1 -20 urn. 

39. The method of spotting according to claim 33 wherein the wells have a maximum width of 200 urn 
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40. The method of spotting according to claim 33 wherein the matrix has a width 1/2-2 times the maximum width of 
the wells. 

41. A probe array comprising a plurality of spots of a probe, the spots being provided independently at a plurality of 
sites of a surface of a solid support in a density of 10,000 spots per square inch or higher. 

42. The probe array according to claim 41 wherein the solid support has a flat surface and homogenous surface 
properties. 

35 43. The probe array according to claim 42 wherein the probe is a single-stranded nucleic acid probe. 

44. The probe array according to claim 43 wherein the single-stranded nucleic acid probe includes a single-stranded 
DNA probe. 

40 45. The probe array according to claim 43 wherein the single-stranded nucleic acid includes a single-stranded RNA 
probe. 

46. The probe array according to claim 43 wherein the single-stranded nucleic acid includes a single-stranded PNA 
probe. 



45 



47. The probe array according to claim 43 wherein the single-stranded nucleic acid is covalently bound to the surface^ 
of the solid support by a reaction between a first functional group on the surface of the solid surface and a second 
functional group of the single-stranded nucleic acid probe. 

50 48. The probe array according to claim 47 wherein the first functional group on the surface of the solid support is a 
maleimido group and the second functional group of the single-stranded nucleic acid probe is a thiol (SH) group. 

49. The probe array according to claim 48 wherein the single-stranded nucleic acid probe is a single-stranded PNA 
probe and contains a cysteine residue on an N-terminus side. 



55 



50. The probe array according to claim 47 wherein the first functional group on the surface of the solid support is an 
epoxy group and the second functional group of the single-stranded nucleic acid probe is an amino group. 
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51 • ^Sj^""^ ,0 ^ Wh6rein SP ° tS ,0fmed by S ° PP ^^ 3 '^ d «-*0 «he probe on 

52 ' Idd seiner aCC ° rdin9 ,0 C ' aim * ^ "» ^ h 3 " " a with a specific amino 

53. The probe array according to claim 42 wherein the probe is a protein. 

54. The probe array according to claim 53 wherein the protein is an antibody. 

55. The probe array according to claim 53 wherein the protein is an enzyme. 

56. The probe array according to claim 42 wherein the probe is an antigen. 

^^tLTor 9 10 C ' aim ^ Wher6in 3 diSlanCe b6tWeen ^ ad,aCen ' SP ° tS iS n0t Smaller «™ * — 

58. The probe array according to claim 41 wherein the solid support is partitioned by a matrix arranged in a pattern 

r^i S a ~ 

59. The probe array according to claim 58 wherein the probe is a single-stranded nucleic acid probe. 

60 ' DN e A P pro b be array aCC ° rdin9 '° ^ "«** acid probe includes a sing.e-stranded 

61. The probe array according to claim 59 wherein the single-stranded nucleic acid includes a RNA probe. 

62 ?o e b Pr0be array 3CCOrdin9 10 C ' aim 59 Wher6in ,hS «**•"*■"*«* nucleic acid includes a sing.e-stranded PNA 

liZ'^T ^ K din9 10 daim 62 Whefein the ^esUanded nucleic acid is covalently bound to the surface 
of the sow support by a reaction between the first functional group of the surface of the solid surface and me 
second functional group on the single-stranded nucleic acid probe. 

64 ' miimido ZZTZT 9 10 ^ 63 Wher6in ,UnCti ° nal 9fOUp ° n ,he surface of «* support is a 

male.m,do group and the second functional group of the single-stranded nucleic acid probe is a thiol (SH) group. 

65 ' Lo e h r 0 nH f? aCC ° rding t0 Claim 64 wherein the single-stranded nucleic acid probe is a single-stranded PNA 
probe and contains a cysteine residue on an N-terminal side. 

66. The probe array according to claim 63 wherein the first functional group on the'suriace of the solid support is an 
epoxy group and the second functional group of the single-stranded nucleic acid probe is an amino group 

67 ' ile 9 s P rd b S ?ppo y rt are0rdin9 ,0 C ' aim 58 Wh6rem SP ° ,S afe '° rmed by SUpp,yin9 3 ,iC > uid contai ™9 a P«*e on 

68 ' IcTd P seq b enc ay aCC ° rdin9 '° C ' aim 58 °" "**• " of a Polypeptide with a specific amino 

69. The probe array according to claim 58 wherein the probe is a protein. 

70. The probe array according to claim 69 wherein the protein is an antibody. 

71. The probe array according to claim 69 wherein the protein is an enzyme. 

72. The probe array according to claim 58 wherein the probe is an antigen. 
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73. The probe array according to claim 58 wherein the matrix is opaque. 

74. The probe array according to claim 73 wherein the solid support is optically transparent. 

75. The probe array according to claim 58 wherein the matrix comprises a resin. 

76. The probe array according to claim 58 wherein the probe is attached only to the wells. 

77. The probe array according to claim 58 wherein the matrix has a thickness of 1-20 um 

78. The probe array according to claim 58 wherein the wells have a maximum width of 200 um 

79. The probe array according to claim 58 wherein a distance between the wells is 1/2 - 2 times the maximum width 
of the wells. 

80. The probe array according to claim 41 wherein the probe array comprises at least 2 spots each of which comprises 
a different kind of probe. 

81. A method of manufacturing a probe array having a plurality of spots arranged independently in a plurality of sites 
on a surface of a solid support, the spots containing a probe which can bind specifically to a target substance 
comprising a step of supplying a liquid containing the probe and attaching the liquid to a predetermined site on 
the surface of the solid support by means of an ink jet method to form the spots. 

82. The method of manufacturing according to claim 81 wherein the probe is a single-stranded nucleic acid probe. 

83. The method of manufacturing according to claim 82 wherein the single-stranded nucleic acid probe is a single- 
stranded DNA probe. 

84. The method of manufacturing according to claim 82 wherein the single-stranded nucleic acid probe is an RNA 
probe. 

85. The method of manufacturing according to claim 82 wherein the single-stranded nucleic acid probe is a single- 
stranded PNA probe. 

3$ 86. The method of manufacturing according to claim 82 wherein the surface of the solid surface has a first functional 
group and the single-stranded nucleic acid probe has a second functional group, and the first and the second 
functional groups react each other by contact. 
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87. The method of manufacturing according to claim 86 wherein the first functional group on the surface of the solid 
support is a maleimido group and the second functional group of the single-stranded nucleic acid probe is a thiol 
(SH) group. 



88. The method of manufacturing according to claim 87 wherein the solid support is a glass plate and a maleimido 
group is introduced by introducing an amino group on the surface of the glass plate and then reacting the amino 

45 group with N-(6-maleimidocaproyloxy) succinimide. 

89. The method of manufacturing according to claim 87 wherein the solid support is a glass plate and the maleimido 
group is introduced by introducing an amino group on the surface of the glass plate and then reacting the amino 
group with succinimidyl-4-(maleimido phenyl) butyrate. 



90. The method of manufacturing according to claim 87 wherein the maleimido group is reacted with the thiol group 
for at least 30 minutes. 

91. The method of manufacturing according to claim 90 wherein the single-stranded nucleic acid is a single-stranded 
PNA probe, at the terminus of which the thiol group exists, the maleimido group is reacted with the thiol qroup for 
at least 2 hours. 

92. The method of manufacturing according to claim 91 wherein the thiol group at the terminus of the single-stranded 
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PNA probe is introduced by binding cysteine group to an N-terminal of the sing.e-stranded PNA probe 

96. The method of manufacturing according to claim 93 wherein the liquid contains urea at 5-10 wt% alvcerin at 5 m 
wt%, th,od.glycol at 5-10 wt%. and an acetylene alcohol at 1 wt% of the liquid. 9 V 

^he^^ 



R 2 -C-0-(CH r CH r O>- n H 

S (i) 

C 
I 

R 3 -C-0-<CH 2 -CH 2 -0>- m H 

ss^^j&^Tsr^ group ' each m and n represent an in,e9rai ' and m =° «* « 

98 ' JlEE SSSTSSSS pT rdin9 l ° C ' aim 82 Where ' n 3 COnCentrati ° n " ,he ^-stranded nucleic acid 
"• probe S the ^2^. '° «*" 98 ^ *" * *• ^^-stranded nudeic acid 

1 2 Th 5 e 000 et b h a O s d e°s f manUfaC,Urin9 aCCOrdin9 to claim 82 wh ^" a 'ength of the single-stranded nucleic acid probe is 
^''ir^-e^ases 0 ' manU,aC,Urin9 aCCOrdin 9 '° c,aim 100 wherei " *e ^gth of the single-stranded nucleic acid probe 
102.The method of manufacturing according to claim 81 wherein the ink jet method is a bubble jet method. 

1 03 Z h a^o!7Z a ^ 9 aCCOrdin9t ° ? aim 81 Wherein the • applied so as to form independent spots 
in a density of 10,000 spots per square inch on the solid support of higher. 

105.The method of manufacturing according to claim 81 wherein the probe is a protein. 
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106. The method of manufacturing according to claim 105 wherein the protein is an antibody. 

107. The method of manufacturing according to claim 105 wherein the protein is an enzyme. 

s 108.The method of manufacturing according to claim 81 wherein the probe is an antigen. 

1 09.The method of manufacturing according to claim 81 wherein the solid support has a flat surface and homogenous 
surface properties. 

10 1 lO.The method of manufacturing according to claim 1 09 wherein blocking is performed, following spotting of the probe 
to the solid support, to prevent a sample from attaching to the surface other than the spots. 

111. The method of manufacturing according to claim 110 wherein the blocking comprises a step of immersing the solid 
support to which the spots have been formed in an aqueous solution of bovine serum albumin 

15 

112. The method of manufacturing according to claim 111 wherein a concentration of the aqueous solution of bovine 
serum albumin is 0.1-5%. 



1 1 3. The method of manufacturing according.to claim 1 1 1 wherein the solid support is immersed in an aqueous solution 
20 of bovine serum albumin for at least 2 hours. 

114. The method of manufacturing according to claim 109 wherein the liquid is supplied on the surface of the solid 
support so as to obtain a distance between the adjacent spots not smaller than a maximum width of the spot. 



25 115.The method of manufacturing according to claim 81 wherein the solid support is partitioned by a matrix arranged 
in a pattern on the surface, a plurality of wells whose bottom is the surface of the solid support exposed in a pattern 
are provided, and the liquid is supplied to the respective wells. 

116. The method of manufacturing according to claim 115 wherein the solid support is optically transparent and the 
^0 matrix is opaque. 

11 7. The method of manufacturing according to claim 115 wherein the matrix comprises a resin. 

118. The method of manufacturing according to claim 115 wherein the surface of the matrix is hydrophobic. 

35 , ' 

119. The method of manufacturing according to claim 115 wherein the bottom of the wells is hydrophilic. 

120. The method of manufacturing according to claim 115 wherein the wells have a maximum width of 200 ujtv 

40' l21.The method of manufacturing according to claim 115 wherein the matrix has a width 1/2 - 2 times the maximum 
width of the wells. 

122. The method of manufacturing according to claim 115 wherein a thickness of the matrix is 1-20 um 

123. The method of manufacturing according to claim 115 wherein the matrix pattern is formed by photolithography. 

124. The method of manufacturing according to claim 123 wherein the photolithography comprises a step of forming a 
resin layer on Ihe surface of the solid support/forming a photoresist layer on the resin layer, exposing the photoresist 
layer to light in a pattern corresponding to the matrix pattern, and developing to form the pattern of the photoresist 
on the resin layer; and a step of patterning the resin layer using the pattern of the photoresist as a mask and then 
removing the pattern of the photoresists. 

125. The method of manufacturing according to claim 1 23 wherein the photolithography comprises the steps of forming 
a photosensitive resin layer on the surface of the solid support, exposing the photosensitive resin layer to light in 
a pattern corresponding to the matrix pattern, and developing. 

126. The method of manufacturing according to claim 125 wherein the photosensitive resin layer is selected from the 
group consisted of a UV resist, a DEEP-UV resist, or an ultraviolet cure resin. 
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"^hlre^r 0 ' manU ' aC,Urin9 aCCOrd ^ 10 claim ^ wherein the dissolution suppressant resist is o-nitrobenzy, 

136 fn h k 1eTmen manU,aCtUring 3CC ° rdina lo claim 1 35 wherein the solution is supp.ied to the wel.s by means of the 

137 IIl e no eth ° d ° f ™ nufac,urin 9 according to claim 1 36 wherein the solution is a silane coupling agent containino a 
s.lane compound having an epoxy group or an amino group in its molecule. containing a 

138 ZT h me,h0d ° f manufacturin 9 ^cording to claim 136 wherein the solution contains a compound which can react 
with an am,no group on a glass substrate to introduce a maleimido group on the glass substrate • 

1 ~m^ 

140.A method for detect.ng whether a target substance is contained in a sample, comprising the steps of: 

X^Zl^e m r r^T riSin9 3 P ' Ura !i ty ° f SP ° ,S e3Ch C ° ntaininS 3 Pr ° be Which s P ecifica »y b >"«s to the 
target substance, the spots being arranged independently on a solid support 

contacting the sample with each of the spots; and 

f™i PreS ? nCe °l 3bS T Ce ° f 3 feaC,ed PradUCt b6,Ween the tar 9 et ^bstance and the probe,, wherein the 
respective spots are formed by spotting a liquid containing the probe on the so.id support by an ink je, method 

141 .The method according to claim 140 wherein the target substance is a single-stranded nucleic acid havina a first 

iz^^sz^* e ~ nucleic acid probe havi - a ^—^X 

142. Themethodaccordingtoc.aim 141 wherein the single-stranded nucleic acid probe is a single-stranded DMA probe. 

143. The method according to claim 141 wherein the single-stranded nucleic acid probe is an RNA probe. 



34 

BNSOOCIO: <EP 089S082A2 I > 



EP 0 895 082 A2 



1 44. The method according to claim 1 41 wherein the single-stranded nucleic acid probe is a single-stranded PNA probe. 

145. The method according to claim 141 wherein the surface of the solid surface has a first functional group and the 
single-stranded nucleic acid probe has a second functional group, respectively, and the functional groups react 

5 each other by contact. 

146. The method according to claim 145 wherein the first functional group on the surface of the solid support is a 
maleimido group and the second functional group of the single-stranded nucleic acid probe is a thiol (SH) group. 

io 1 47.The method according to claim 1 46 wherein the solid support is a glass plate and the maleimido group is introduced 
by introducing an amino group on the surface of the glass plate and then reacting the amino group with N-(6-male- 
imidocaproyloxy) succinimide. 

1 48. The method according to claim 1 46 wherein the solid support is a glass plate and the maleimido group is introduced 
is by introducing an amino group on the surface of the glass plate and then reacting the amino group with succinimidy I- 

4-(maleimidophenyl) butyrate. 

149. The method according to claim 146 wherein the maleimido group is reacted with the thiol group for at least 30 
minutes. 

20 

150. The method according to claim 149 wherein the single-stranded nucleic acid comprises a single-stranded PNA 
probe having a thiol group on the terminus and the maleimido group is reacted with the thiol group for at least 2 
hours. 



2S 151. The method according to claim 146 wherein the thiol group at a terminus of the single-stranded PNA probe is 
introduced by binding cysteine group to an N-terminus of the single-stranded PNA probe. 

152. The method according to claim 145 wherein the first functional group on the surface of the solid support is an 
epoxy group and the second functional group of the single-stranded nucleic acid probe is an amino group. 

30 

153. The method according to claim 152 wherein the solid support is a glass plate and the epoxy group is introduced 
by applying a silane compound having an epoxy group in the molecule thereof on the surface of the glass plate 
and reacting the compound with the glass plate. 

35 154.The method according to claim 152 wherein the epoxy group is introduced by applying polyglycidyl methacrylate 
having an epoxy group on the solid support. 

1 SS.The method according to claim 1 41 wherein the liquid contains urea at 5-1 0 wt%, glycerin at 5-1 0 wt%, thiodiglycol 
at 5-10 wt%, and an acetylene alcohol at 1 wt% of the liquid. 

40 

156.The method according to claim 155 wherein the acetylene alcohol has a structure represented by the following 
general formula (I): 



45 



so 



R 2 -C-0-(CH 2 -CH 2 -0>- n H 

i <»> 
C 



Rj-C-CMCHg-CHjj-O)^ H 

ss 



I 

(wherein, R,, R 2 , R 3 , and R 4 represent an alkyl group, each m and n represent an integral, and m=Q and n=0 or 



R 4 
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1<m+n<30, and when m+n=1, m or n is 0.) 
15 Tao m 5fCM COrdin9 1 ° C ' aim Wher6in 3 C ° nCentralion °« ,he sing.e-stranded nuc.eic acid probe in the .i P uid 

5 

1S6 ittom aCC ° rdin9 ,0 C ' aim 1 57 Wh6rein 3 COnCenUa,i0n °< ,he -gle-s.randed nuc.eic acid probe in the .ipuid 
^ 159.The method according to claim 155 wherein a length of the sing.e-stranded nuc.eic acid probe is 2-5.000 bases. 
160.The method according toc.aim 159 wherein a length of the single-stranded nuc.eic acid probe is 2-60 bases. 
161 .The method according to claim 141 wherein the ink jet method is a bubble jet method. 

15 . '"add sT q ue 0 nc a e CCOrdin9 * ™ *» probe " an ° ,iQ ° pep,ide 0r a P°^«* with a specific amino 

163. The method according to claim 140 wherein the probe is a protein. 

164. The method according to claim 163 wherein the protein is an antibody. 

165. The method according to claim 163 wherein the protein is an enzyme. 

166. The method according to claim 140 wherein the probe is an antigen. 

16? io%^^^ 

*> 168 e^ies meth0d aCCOrdin9 '° C ' aim 140 Wh6rein thS S ° ,id SUpP0r1 haS 3 flat surface and homogenous surface prop- 

' a T d^t h p °hp a ,l COrdi ?H 9 ,0 ? im 1 68 Wh6rein ,h6 ' iqUid iS SUpplied 0n the surface of < he support so as to obtain 
a distance between the adjacent spots not smaller than the maximum widlh of the spots. 

35 170 't T h h p e ^ni^ aCC °TV° Claim 168 wherein "tocWng ^ performed on the surface of the solid support to prevent 
the sample from attaching to the surface other than the spots of the surface of the solid support. 

171.The method according to claim 170 wherein blocking is achieved by using bovine serum albumin. 
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172 't T hpl7rS^ d aC , C ° rd ! n9 !° C !f im 1 40 Wher6in the S °' id SUpp0rt is Partitioned by a matrix arranged in a pattern on 

Tnd theTouid £ V , h? r h ° Se b ° t,0m iS the SUrfaCe ° f the SOlid SUpport e *> osed in < h * are provided 

and the liquid is supplied to the respective wells. • 

173. The method accord.ng to claim 172 wherein the solid support is optically transparent and the matrix ,s opaque. 

174. The method according to claim 172 wherein the matrix comprises a resin. 

175. The method according to claim 1 72 wherein the surface of the matrix is hydrophobic. 

176. The method according toclaim 172 wherein the bottom of the wells is hydrophilic. 

177. The method according to claim 172 wherein the matrix has a thickness of 1 -20 urn. 

178. The method according to claim 172 wherein the wells have a maximum width of 200 pm. 

179. The method according toc.aim 172 wherein the matrix has a width 1/2 - 2 times the maximum width of the wells. 

180. A method of identifying a structure of a target substance contained in a sample comprising the steps of: 
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preparing a probe array provided with spots of a probe, the probe being able to bind specifically to the target 

substance, on a surface of a solid support; 

contacting the sample to the spots; and 

detecting binding between the target substance and the probe. 

5 

1 81 .The method of identification according to claim 1 80 wherein the target substance is a single-stranded nucleic acid, 
the structure to be identified is a base sequence of the single-stranded nucleic acid as the target substance, 

the probe array is provided with a plurality of spots each of which contains single-stranded nucleic acids with 
different base sequences on a solid support, at least one of the spots contain a single-stranded nucleic acid with 
io a base sequence complementary to that anticipated for the single-stranded nucleic acid as the target substance, 

and the plurality of spots are formed by attaching a liquid containing the respective single-stranded nucleic acids 
on the solid support by means of an ink jet method. 

182. The method of identification according to claim 181 wherein the single-stranded nucleic acid probe is a single- 
75 stranded DNA probe. 

183. The method of identification according to claim 181 wherein the single-stranded nucleic acid probe is an RNA 
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probe. 



184.The method of identification according to claim 181 wherein the single-stranded nucleic acid probe is a single- 
stranded PNA probe. 



1 85. The method of identification according to claim 1 81 wherein the surface of the solid surface and the single-stranded 
nucleic acid probe have a first and a second functional groups, respectively, and the functional groups react each 

25 other by contact. 

186. The method of identification according to claim 181 wherein the first functional group on the surface of the solid 
support is a maleimido group and the second functional group of the single-stranded nucleic acid probe is a thiol 
(SH) group. 

30 

187. The method of identification according to claim 186 wherein the solid support is a glass plate and the maleimido 
group is introduced by introducing an amino group on the surface of the glass plate and then reacting the amino 
group with N-(6-maleimidocaproyioxy) succinimide. 

35 188.The method of identification according to claim 186 wherein the solid support is a glass plate and the maleimido 
group, is introduced by introducing an amino group on the surface of the glass plate and then reacting the amino 
group with succinimidyl-4-(maleimido phenyl) butyrate. 

189. The method of identification according to claim 186 wherein the maleimido group is reacted with the thiol group 
40 for at least 30 minutes. 

190. The method of identification according to claim 189 wherein the single-stranded nucleic acid is a single-stranded 
PNA probe having a thiol group on the terminus thereof and the maleimido group is reacted with the thiol group 
for at least 2 hours. 



191 .The method of identification according to claim 186 wherein the thiol group at the terminus ot the single-stranded 
PNA probe is introduced by binding cysteine group to an N-terminus of the single-stranded PNA probe. 

192. The method of identification according to claim 185 wherein the first functional group on the surface of the solid 
support is an epoxy group and the second functional group of the single-stranded nucleic acid probe is an amino 
group. 

1 93. The method of identification according to claim 1 92 wherein the solid support is a glass plate and the epoxy group 
is introduced by applying a silane compound having an epoxy group in the molecule on the surface of the glass 
plate and reacting the compound with the glass plate. 

194. The method of identification according to claim 1 92 wherein the epoxy group is introduced by applying polygiycidyl 
methacrylate having an epoxy group on the solid support. 



\ 
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195 'l h o/ T!L 0d ■ 0, iden,i,ication accordin 9 *° claim 181 wherein the liquid contains urea at 5-10 wt% q. V cerin at 5 10 
wt%. th,od.glycol at 5-10 wt%, and acetylene alcohol at 1 wt% of the liquid. ^ 

196 Z e f ^Z Tnl^sT 6 * 9 10 claim 1 95 wherein ,he ace,ylene a,coho ' has a — d "V 

R l ■ 
I 

R 2 -C-0-{CH 2 -CH 2 -0>- n H 

§ (I ) 

75 C 

R 3 -C-O-(CH r CH r 0)- m H 
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St^^ 9r ° UP ' eaCh m and " a " ^egral, and m=0 and n=0 or 

1 ™nr SSS^ ,0 Claim 1 " 3 C ° nCentra,i0n ° f ^ nucleic acid 

' 9S Z^^i^^ CCOrd{ng l ° C ' aim 1 97 ^ COnCentrati ° n " -9.e-s,randed nucleic acid 

199 'J h 5 e 000 bases' iden,i,iCa,i ° n aCC ° rdin9 ,0 daim 197 wherein a ^ °» the single-stranded nucleic acid probe is 

200 2-60 basef * ide " tifiCati0n aCC ° rdin9 l ° daim 199 wherein a len S th °' the single-stranded nucleic acid probe is 

201 .The method of identification according to claim 181 wherein the ink jet method is a bubble jet method. 

202 s^Smtno SS^Z^^ l ° C ' aim 180 Wh6rein ^ Pr ° be 15 3n « a P°'VPeptide with a 

203. The method of identification according to claim 180 wherein the probe is a protein. 

204. The method of identification according to claim 203 wherein the protein is an antibody.. 

205. The method of identification according to claim 203 wherein the protein is an enzyme. 

206. The method of identification according to claim 180 wherein the probe is an antigen. 

^'l^Z^n!^^^ aCC ° rdin9 ^ ^ ' 8 ° ^ iS SUp P lied SO as t0 f °™ -dependent spots 

in a density of 1 0.000 spots per square inch on the solid support. 

208 s^aTe 6 pr?pert!er tifiCati0n aCC ° rdinQ ^ C ' aim ' 8 ° 8 °" d SUPPOrt haS 3 f ' a ' SUrface and homogenous 

209 i he r,o h w °' ide H nt f Cati0 " aCCOrdin 9 to claim 208 wher ^ the liquid is supplied on the surface of the solid support 
so as to obtain a distance between the adjacent spots not smaller than the maximum width of the spots. 

210.The method of identification according to claim 208 wherein blocking is performed on the surface of the solid 
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support to prevent the sample from attaching to the surface other than spots of the surface of the solid support. 

211. The method of identification according to claim 210 wherein blocking is achieved by using bovine serum albumin. 

5 21 2. The method of identification according to claim 180 wherein the solid support is partitioned by a matrix arranged 
in a pattern on the surface, a plurality of wells whose bottom is the surface of the solid support exposed in the 
pattern are provided, and the liquid is supplied to the respective wells. 

21 3. The method of identification according to claim 21 2 wherein the solid support is optically transparent and the matrix 
10 is opaque. 

214. The method of identification according to claim 212 wherein the matrix comprises a resin. 

21 5. The method of identification according to claim 212 wherein the surface of the matrix is hydrophobic. 

216. The method of identification according to claim 212 wherein the bottom of the wells is hydrophilic. 

217. The method of identification according to claim 212 wherein the matrix has a thickness of 1-20 urn. 

zo 218.The method of identification according to claim 212 wherein the wells have a maximum width of 200 u.m 

219.The method of identification according to claim 212 wherein the matrix has a width 1/2 - 2 times a maximum width 
of the wells. 
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FIG. 1 
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